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AUTHOR'S  PREFACE 

The  desire  to  present  the  whole  subject  of  Pathology  to  my  students 
in  a  form  which  would  supplement  my  lectures  and  also  be  suitable  for 
private  study,  has  led  me  to  publish  this  work.  As  I  have  now  decided, 
for  political  reasons,  to  give  up  my  position  as  teacher  in  this  University, 
this  book  will,  at  the  same  time,  be  the  conclusion  of  my  work  in  this 
school. 

The  research  and  work  which  are  given  in  detail  here  were  partly 
begun  in  Heidelberg,  where  for  twelve  years  I  acted  as  first  assistant 
to  J.  Arnold.  It  was  he  who  suggested  that  the  subject  of  circulatory 
disturbances  ought  to  be  more  fully  investigated,  and  part  of  my  work 
on  this  subject,  published  in  various  journals,  was  done  under  his 
direction.  Many  of  the  opinions  expressed  here  are  therefore  derived 
from  him.  He  has  done  brilliant  work  in  this  line,  and  in  dedicating 
this  book  to  my  teacher,  I  merely  attempt  to  give  expression  to  my 
very  deep  gratitude  to  him. 

Since  that  time  I  have  worked  independently  in  Dorpat  for  ten  years, 
and  have  found  a  number  of  younger  workers  who  have  materially  aided 
me  in  the  elucidation  of  many  problems.  Their  work,  which  was 
often  arduous  and  occupied  much  of  their  time,  deserves  the  fullest 
recognition. 

The  profusion  of  plates  and  illustrations  with  which  the  book  is 
provided  is  due  to  the  kind  co-operation  of  the  publisher,  Herr  Enke. 
Most  of  the  drawings  afe  original,  taken  from  preparations  made  by 
myself  in  Heidelberg  and  in  Dorpat.  In  addition  to  those  a  considerable 
number  of  preparations,  chiefly  malformations,  have  been  reproduced, 
the  material  for  which  was  collected  by  my  predecessor  in  this  school, 
Professor  Arthur  Bottcher. 

Some  of  the  illustrations  have  been  obtained  by  the  kind  assistance 
of  two  talented  artists,  Herr  E.  v.  zur  Miihler  and  Herr  E.  Sacksand. 
I  gladly  take  this  opportunity  of  thanking  them  for  the  care  and  fidelity 
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with  which  they  carried  out  their  tasks,  which  were  at  times  extremely 
difficult.  The  microscopic  drawings  have  been  almost  exclusively  done 
by  myself,  mostly  with  the  help  of  the  camera  lucida.  Some  of  the 
illustrations  have  been  copied  from  other  works  by  the  kind  permission 
of  the  authors,  and  in  every  case  the  source  has  been  acknowledged. 
There  is,  at  present,  no  lack  of  text-books  on  general  and  special 
pathology.  Notwithstanding  this,  I  hope  that  this  work  will  make  some 
contribution  to  the  further  development  of  this  science.  Since  the 
beginning  of  my  career  I  have  endeavoured  to  investigate  the  mechanical 
laws  which  govern  pathological  processes,  and  accordingly  have  spent 
much  time  in  the  preliminary  study  of  mechanics  and  mathematics. 
The  results  obtained  are  certainly  meagre  enough,  but  may  be  not 
unwelcome  to  many  readers. 

THE  AUTHOR 


Dorp  AT,  1\?,\.  Februar])  1894. 
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Pathology  is  the  science  which  treats  of  disease.  Its  cultivation  dates  back 
to  the  time  of  the  most  ancient  civilised  nations  ;  but,  notwithstanding  this, 
its  progress  constantly  meets  -with  fresh  difficulties  even  at  the  present  day. 
These  are  to  be  accounted  for,  partly  by  the  extraordinary  multiplicity  of 
pathological  conditions,  partly  by  the  fact  that  the  process  we  call  "  Life  "  is 
as  yet,  to  a  great  extent,  incomprehensible.  It  is  thus  easily  understood 
why  the  investigation  of  disturbances  of  the  vital  processes  should  be  met  by 
most  difficult  problems  at  every  step. 

The  attempt  has  been  repeatedly  made,  both  by  physiologists  and  by 
pathologists,  to  obviate  these  difficulties  by  stating  that  the  vital  processes  in 
their  most  essential  points  were  beyond  our  comprehension.  Investigation 
thus  came  to  be  confined  to  the  description  and  explanation  of  the  purely 
external  aspects  of  biological  phenomena.  Of  course  many  an  investigator  who 
has  devoted  himself  for  years  to  the  study  of  the  vital  processes  is  still  com- 
pelled to  acknowledge  his  ignorance.  But  those  views  Avith  regard  to  the 
ultimate  nature  of  life  which  held  that  this  ignorance  cannot  be  dispelled,  can 
in  no  way  satisfy  the  scientific  spirit.  The  effort  to  explain  this  subject  will 
be  continually  renewed  till  the  goal  is  reached,  and  the  essential  nature  of 
the  vital  processes  revealed.  It  is  uncertain  whether  this  result  will  be  attained 
more  easily  through  physiology  or  through  pathology,  or  whether  anatomical, 
chemical,  or  physical  methods  would  most  quickly  bring  us  to  our  end.  This 
much,  however,  is  certain,  that  the  striving  of  the  human  mind  will  not  be 
allowed  to  rest  until  the  veil  has  been  drawn  from  the  secrets  of  organic  nature. 

Since  the  inductive  method  became  the  ruling  power  in  pathology  as  in  the 
other  natural  sciences,  it  has  also  begun  to  contribute  to  the  explanation  and 
answer  of  those  general  biological  questions.  It  has  further  been  the  means 
of  collecting  an  important  store  of  valuable  observations  which  have  not  only 
made  the  causes  and  course  of  pathological  processes  more  intelligible,  but 
have  also  materially  added  to  the  success  of  medical  treatment. 

If  the  means  available  for  the  scientific  study  of  pathology  be  examined, 
it  will  be  found  that  these  are  divided  into  two  methods,  the  individualising  and 
the  genercdising  methods  of  investigation. 

The  individucdising  method  of  investigation  in  pathology  starts  from  the  con- 
sideration and  comparison  of  single  pathological  cases.  These  are  examined  by 
the  sick-bed  and  on  the  post-mortem  table ;  and  the  aid  of  pathological  experi- 
ment is  often  called  in  to  elucidate  doubtful  questions.  In  this  method, 
etiological  relations  of  the  phenomena  are  inferred  from  the  order  in  which 
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they  occur,  and  from  their  relative  position.  It  will  be  easily  understood 
that  errors  may  occur  here  if  all  the  conditions  which  preceded  the  result  are 
not  taken  into  consideration.  In  the  highly  developed  structure  of  the  human 
body  those  conditions  are  so  numerous,  as  a  rule,  that  it  is  a  difficult  matter 
to  estimate  them  all  exactly.  Pathological  processes  can,  of  course,  be  only 
thoroughly  understood  by  examining  the  meaning  of  each  individual  morbid 
condition.  This  occurs  practically  when  we  observe  the  result  produced  by  the 
variation  of  each  individual  condition. 

The  conditions  can  be  varied  at  will  by  experiment,  and  a  relatively  high 
degree  of  certainty  is  thus  given  to  the  conclusions  deduced.  By  the  sick-bed 
or  at  the  post-mortem  table,  however,  the  conditions  are  more  difficult.  Volun- 
tary interference  is  here  often  inadmissible  or  impossible.  The  variation 
of  the  conditions  occurs  in  these  cases  independently  of  the  observer,  who 
has  afterwards  to  discover  the  laws  of  relationship  in  the  individual  patho- 
logical cases  by  critical  comparison  of  their  many  points  of  harmony  or  differ- 
ence. 

This  method  of  investigation,  notwithstanding  its  arduous  character, 
has,  in  the  course  of  time,  yielded  very  \aluable  results.  To  it  we  owe  the 
greater  part  of  medical  knowledge,  and  it  has  often  been  the  means  of  throwing 
light  on  the  causes  of  the  various  diseases.  It  has  also  yielded  a  general  law 
of  the  greatest  value,  namely,  tJuii  there  are  no  fundamental  or  far-reaclmig 
differences  between  normal,  physiological  processes  and  morbid,  pathological  processes  in 
the  organism.  The  same  chemical  and  physical  laws  which  determine  the  course  of 
physiological  functions  also  govern  pathological  processes.  This  law  can  also  be 
expressed  in  a  positive  form.  All  experience  proves  that  processes  that  are 
essentially  pathological  differ  merely  quantitatively  from  physiological  processes.  The 
diseased  organism,  organ,  or  tissue  shows  an  increase  or  diminution  in  function 
or  bulk,  and  a  multiplication  or  lessening  of  its  histological  or  chemical 
constituents.  It  may  happen,  also,  that  a  process,  otherwise  physiological,  occurs 
at  an  unusual  time  or  place.  By  this  means  the  appearance  of  qualitative 
difference  may  be  caused,  but  with  the  progress  of  investigation,  the  qualitative 
agreement  and  the  quantitative  difference  between  the  appearances  in  the 
healthy  and  diseased  organism  become  more  apparent.  It  is  true  that  many 
physiological  processes  have  been  called  heterologous  and  heteronomous,  but 
these  are  only  terms  of  relative  value,  Avhich  point  out  that  the  deviations 
from  normal  are  somewhat  more  considerable  than  usual.  From  their  nature 
all  pathological  phenomena  must  be  described  as  homologous,  inasmuch  as  they 
are  obedient  to  the  laws  which  govern  physiological  processes  in  the  human 
body. 

Although,  however,  we  owe  the  discovery  of  numerous  etiological  relations, 
as  well  as  the  general  law  just  mentioned,  to  the  individualising  method 
of  pathological  investigation,  it  is  not  capable  of  giving  us  any  more  accurate 
conception  of  the  meaning  of  the  word  "disease."  This  is  afforded  by  the  second 
or  generalising  method  of  investigation.  It  may  also  be  described  as  the  statistical 
method.  It  is  founded  upon  the  supposition  that  the  errors  inherent  in  separate 
observations  vary  in  degree  and  in  kind,  and  therefore  neutralise  each  other 
when  a  large  number  of  observations  are  taken  togethei*.  This  is  in  accordance 
with  the  general  results  of  the  theory  of  probabilities.  The  use  of  this  method 
of  investigation  in  physiology  leads,  in  the  first  place,  to  an  exact  and  minute, 
although,  certainly,  purely  empirical  "determination  of  the  normal  physiological 
relations  of  the  human  body,  and  afterwards,  in  the  same  manner,  to  an 
accurate  knowledge  of  the  pathological  deviations. 
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Size,  weight,  volume,  and  function  of  the  human  body,  its  organs  and  its 
elementary  histological  constituents,  show  numerous  individual  differences 
in  health,  as  I  have  more  thoroughly  explained  in  a  special  paper  which  forms 
an  appendix  to  the  works  of  Quetelet.^  These  differences  are  so  considerable 
that  it  may  appear  doubtful,  at  the  first  glance,  whether  they  can  be  exactly 
stated,  and  whether,  amid  all  the  varying  appearances,  a  common  plan  of 
structure  can  be  recognised,  to  which  all  the  individual  cases  approach  more  or 
less  nearly.  Such  a  plan  of  structure  exists.  It  corresponds  to  the  abstraction 
which  one  usually  associates  with  the  idea  of  "  human  being,"  and  it  must  be 
obtained  by  inductive,  conscious  methods  in  the  same  way  as  it  is  comprehended 
by  every  one  in  a  more  or  less  unconscious  fashion.  This  is  easily  shown  by 
an  example.  One  of  the  internal  organs  may  be  chosen  for  consideration  instead 
of  any  of  the  more  generally  known  superficial  parts  of  the  human  body. 

The  weight  of  both  kidneys,  taken  together,  varies,  within  wide  limits,  in 
different  healthy  individuals  of  the  same  age.  At  thirty-five — that  is,  at  the 
close  of  the  period  of  growth — it  varies  between  121  and  491  grammes.  If 
the  number  of  observations  be  increased,  however,  it  is  noticed  that,  in  spite  of 
those  wide  limits,  the  sum  of  the  weight  of  both  kidneys,  in  most  cases,  is  more 
or  less  remarkably  near  the  amount  of  306  grammes.  In  200  which  were 
weighed  the  sum  of  the  weight  of  both  kidneys  of  healthy  individuals,  thirty- 
five  years  old,  was  found  to  be  nearly  as  follows : — 


1  case  between  121  and  158  grammes. 
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The  regularity  of  rise  and  fall  of  the  figures  of  the  first  column  is  the  more 
remarkable  because  the  interval  between  each  pair  of  weights  was  fixed  at 
an  equal  amount,  namely  37  grammes. 

The  observations  are  grouped  round  the  number  306.  This  number  is, 
at  the  same  time,  the  arithmetical  mean  of  the  observations,  and  this  number 
306  can  at  any  time  be  found  by  a  new  set  of  observations.  These  also,  if 
they  are  sufficiently  extended,  will  give  306  grammes  as  the  arithmetical  mean 
for  the  sum  of  the  weights  of  both  kidneys.  The  theory  of  probabilities  allows 
us  to  conclude  from  previous  observations  that,  as  may  be  gathered  from  the 
above  table,  306  grammes  is  to  be  regarded  as  the  most  probable  result  to  be 
obtained  by  weighing  healthy  thirty-five-year-old  kidneys.  When  a  single 
healthy  kidney  is  weighed,  it  can  never  be  foretold  exactly  how  the  result  will 
turn  out.  If,  however,  no  more  is  known  of  the  kidneys  to  be  weighed  than 
that  they  are  healthy,  and  belong  to  a  human  being,  thirty-five  years  of  age, 
one  may  assume,  with  a  probability  which  approaches  certainty,  that  the  weight 
of  these  kidneys  will  lie  between  121  and  491  grammes,  and  will  probably  not 
be  far  from  306  grammes.      306  grammes  appears  to  be  the  value  indicated  as 

^  Thoma :    Untersuchungen   uber  die  Grosse  und  das  Gewicht  der  anatomischen  Bestandtheie 
des  menschlichen  Korpers  im  gesunden  und  kranken  Zustande.     Leipzig,  1882. 
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the  most  probable  estimation  for  the  sum  of  the  weight  of  both  kidneys,  and 
we  may  call  it  the  normal  weight  of  both  kidneys  at  the  age  of  thirty-five. 

The  variations  from  the  normal  value  in  single  observations  may  be 
regarded  as  individual  deviations.  Those  show  remarkable  regularity  in  the 
frequency  of  their  occurrence.  It  may  be  noted  in  the  above  table  that  the  half 
of  the  whole  200  observations  were  contained  witliin  the  limits  (306-37  =  ) 
269  gi'ammes  and  (306  +  37  =  )  343  grammes.  Therefore,  in  half  of  the  cases 
the  individual  deviations  in  the  sum  of  the  weight  of  both  adult  kidneys  does 
not  amount  to  more  than  ±37  grammes. 

There  is  no  difficulty  in  determining  the  normal  value  of  each  organ,  since 
this  is  always  found  to  be  the  arithmetical  mean  of  a  long  series  of  observations. 
In  the  same  way  we  can  determine  in  a  purely  empirical  manner,  with  or 
without  the  aid  of  special  mathematical  methods,  what  is  the  individual 
deviation  from  the  normal  which  is  attained,  but  not  exceeded,  in  one-half  of 
the  cases  in  a  long  series  of  observations.  This,  then,  will  be  called  the 
probable  standard  of  individual  deriations. 

If  this  is  represented  by  W  it  is  invariably  found,  in  all  series  of  Aveights 
and  measurements  which  involve  organ..,  tissues,  elements,  and  complete 
individuals,  that  the  relations  are  nearly  as  follows  : — 

1  observation  with  a  deviation  between  -  5W  and  -  4W 
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It  is  presupposed  that  in  this  series  200  observations  have  again  been  made. 
Should  the  number  of  observations  be  different,  the  numbers  of  the  first 
column  will  change  correspondingly. 

These  methods  of  investigation  may  also  be  ajiplied  to  the  functions 
of  the  human  body.  The  general  conclusion  may  be  drawn  from  them 
that  in  each  organ  (or  element  of  an  organ)  th.Q  prohahility  of  the  occurrence  of 
an  individual  deviation  from  the  normal  stands  in  a  fixed  proportion  to  the  amount 
of  the  deviation.  This  is  a  most  important  law,  which,  of  course,  can  only  be 
practically  applied  if  the  normal  standard  and  the  probable  standard  of 
individual  deviations  have  been  previously  determined.  I  have  applied  it,  in 
the  paper  already  alluded  to,  to  some  organs  separately,  according  to  difi'ering 
ages,  since  both  values  {i.e.  the  absolute  weights  and  the  individual  devia- 
tions) vary  at  different  periods,  and  especially  during  the  period  of  growth.  No 
further  difficulty  arises  in  determining  these  standards  for  all  the  organs.  In 
this  manner  we  shall  have  all  the  data  necessary  to  establish  the  structure  of 
the  ideal  normal  human  being.  This  is  known  as  the  normal  standard  of  the 
whole  body,  and  presupposes  that  all  the  organs  show  the  normal  standard  as 
regards  structure  and  function. 

If  the  normal  is  to  be  regarded  as  the  most  probable  standard  of  structure 
and  function  of  each  organ  (and  element  of  an  organ),  it  follows  that  in  a 
normal  body  each  organ  must  have  the  standai'd  value  which  has  been  shown 
to  be  most  probable.     Such  a  concurrence  of  probabilities  is,  however,  exceed- 
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ingly  unlikely,  since  it  presupposes  so  many  conditions  which  cannot  all  be 
easily  fulfilled  at  one  and  the  same  time.  The  normal  of  the  whole  organism 
is  equivalent  to  the  ideal  human  being  •  but,  perhaps,  he  has  not  yet  been 
born.  It  represents  an  abstraction  which  supplies  the  type  of  the  structure  of 
the  human  body.  Each  separate  healthy  individual,  however,  is  only  an  ap- 
proximation to  this  normal  entire  organism.  Numerous  individuals  show  a 
slight  deviation  from  this,  but  the  more  considerable  deviations  are  much 
rarer  than  the  smaller  and  more  insignificant,  in  a  ratio  which  may  be  accur- 
ately determined.^ 

The  various  parts  of  the  body  are  by  no  means  independent  of  each  other. 
On  the  contrary,  there  are  numerous  relations  between  them,  from  which  it 
follows  that  the  individual  deviations  from  the  normal  in  organs  (or  portions  of 
organs)  also  involve  certain  deviations  in  neighbouring  organs  (or  portions  of 
organs).  Weak  muscular  development  implies  a  slenderly  built  skeleton,  and 
possibly  a  poor  development  of  other  systems.  These  proportions  also  may 
be  established  numerically,  and  are  expressed  in  the  terms  of  the  relative 
weights  and  the  relative  sizes  of  the  organs  (or  portions  of  organs),  or  of  the 
relative  amounts  of  their  function.  It  is  shown  by  investigation,  however, 
that  there  is  also  a  normal  for  these  relative  measurements  of  the  parts  of  the 
body,  and  that  individual  deviations  from  the  normal  are  to  be  estimated  as 
regards  their  degree  and  frequency  in  the  same  way  as  the  absolute  measure- 
ments already  discussed.  It  is  also  shown  that  these  relative  measurements 
must  all  reach  their  normal  standard  in  order  to  make  up  a  perfectly  normal 
body. 

One  of  the  chief  results  of  the  generalising  method  of  investigation  is 
thus  an  accurate  determination  of  what  is  to  be  called  normal ;  and  this 
determination  by  purely  empirical  methods,  without  consideration  of  origin  or 
cause,  is  absolutely  necessary  so  long  as  the  vital  processes  are  not  more  fully 
understood.  Under  certain  circumstances,  however,  considerable  deviations  from 
the  normal  occur,  which  decidedly  exceed  the  limits  already  mentioned.  Here, 
at  least,  the  absolute  or  relative  standard  for  the  size  or  function  of  several 
organs  (or  portions  of  organs)  far  exceeds  the  degree  of  the  greatest  individual 
deviation,  i.e.  is  removed  far  more  than  the  fivefold  amount  from  the  probable 
standard  of  the  individual  deviation  from  normal.  Such  alterations  are  usually 
termed  pathological.  In  leuksemia  there  is  a  great  increase  of  the  white  cells 
in  the  blood,  far  exceeding  the  limits  of  the  individual  variations  in  the  number 
of  corpuscles.  This  is  an  unmistakably  pathological  condition.  At  the  same 
time  an  enlargement  of  the  spleen  is  observed,  which  may  amount  to  ten  times 
its  proper  weight ;  this  also  would,  in  general,  be  recognised  as  a  sign  of  dis- 
ease. In  other  diseases  the  spleen  is  also  enlarged,  but  only  to  a  moderate 
amount,  so  that  the  splenic  enlargement  does  not  in  itself  exceed  the  limits 
of  individual  variations.  In  this  case  we  obviously  cannot  assert  that  a  patho- 
logical condition  is  present,  merely  because  there  is  a  considerable  increase  in 
the  size  of  the  spleen.  It  must  be  shown  either  that  some  of  the  component 
parts  of  the  spleen  exceed  the  limits  of  individual  variation — such  as,  for  in- 
stance, congestion  of  the  organ  Avith  blood,  an  excessive  increase  of  the  number 
of  red  corpuscles  either  in  its  vessels  or  pulp,  or,  in  other  cases,  excessive 
increase  of  the  colourless  cells  of  the  pulp — or  we  must  seek  the  evidence  of 
disease  elsewhere,  if  any  disease  exists  at  all.  Thus  this  evidence  may  be 
found  in  a  disturbance  of  the  temperature  of  the  body.     It  is  known  that  the 

^  This  proportion  is  susceptible  of  a  simple  mathematical  expression.     Compare  the  paper  quoted 
above. 
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individual  differences  in  the  temperature  of  the  interior  of  the  body  are,  when 
we  consider  the  physiological  daily  variations,  very  slight  and  hardly  even 
exceed  some  tenths  of  a  degree,  apart  from  certain  special  cases  of  marked 
rise  of  temperature.  If  we,  therefore,  observe  a  body  temperature  of  somewhere 
about  39°  Celsius  (102°  Fahrenheit),  some  morbid  condition  may  be  at  once 
diagnosed,  since  the  limits  of  physiological  variations  are  here  manifestly 
exceeded.  In  other  cases  the  primary  disturbance  of  function  may  be  in  other 
organs.  The  limits  of  physiological  variations  from  the  normal  are  surpassed 
somewhere  or  other  in  every  case  in  which  there  is  a  pathological  process,  and 
these  limits  are  approximately  fixed  as  five  times  the  probable  value  of  in- 
dividual variations. 

As  a  result  of  these  considerations,  disease  may  be  defined,  empirically,  as 
a  deviation  from  the  normal  in  the  anatomical  or  chemical  structure,  or  in  the  functicms 
of  the  body,  its  organs  and  elements  of  organs,  which  exceeds  the  limits  of  individual, 
2)hjsioIogical  variations.  This  conception  of  disease,  it  may  be  mentioned  here, 
almost  agrees  with  that  used  in  ordinar}?^  conversation.  This  is  easily  explained 
when  it  is  considered  that  the  idea  of  disease  has  been  here  established  by  a 
purely  empirical  process.  Accordingly  the  definition  contains,  in  the  first  place, 
not  the  slightest  explanation  of  the  nature  of  pathological  processes  and  condi- 
tions, but  only  gives  the  grounds  which  determine  2chen  any  condition  is  to  be 
called  pathological.  A  definition,  however,  which  should  include  a  scientific 
statement  of  the  nature  of  pathological  processes  in  general  is  hardly  possible, 
for  the  simple  reason  that  the  various  pathological  disturbances  show  differences 
in  their  causes  and  phenomena,  which,  as  far  as  present  information  goes,  must 
be  described  as  essential  and  radical. 

It  will  perhaps  be  possible  in  future  to  obtain  a  full  conception  of  what 
disease  really  is.  At  present,  however,  the  object  of  pathology  may  be  described 
as  the  attempt  to  establish,  empirically,  the  causes  and  course  of  all  indiiiducd  patho- 
logical -processes  and  the  pathological  conditions  to  which  they  give  rise.  This  is  a 
most  important  as  well  as  a  long  and  arduous  task,  and  one  which,  when 
properly  carried  out,  greatly  widens  the  range  of  our  knowledge  of  disease,  and 
gives  the  physician  scientific  principles  in  the  care  and  treatment  of  the  sick. 

General  pathology  can  only  perform  a  small  part  of  this  task.  Its  main 
purpose  is  to  give  a  review  of  the  general  causes  of  disease,  and  the  elementary 
forms  of  pathological  disturbances  of  which  the  individual  cases  of  disease  are  made 
up,  and  also  to  explain  the  connection  between  the  causes  and  processes  of 
disease  in  a  general  manner,  without  considering  the  details  of  the  changes 
in  special  organs. 

It  is  chiefly  by  means  of  our  greatly  perfected  histological  methods  that 
general  pathology  has  reached  its  present  stage  of  development,  so  that  its 
progress  is  intimately  related  with  that  of  morbid  anatomy.  The  development 
of  ('xperimental  j>oihology  can  never  lead  to  the  entire  displacement  of  morbid 
anatomy  in  this  connection,  for  experimental  pathology  can  never  dispense 
with  the  guidance  of  the  morbid  anatomist  and  the  clinician.  The  develop- 
ment also  of  jmthological  chemistry  will  in  time  only  modify  this  connection, 
not  sever  it.  Pathological  anatomy  must  be  based  on  general  pathology,  so  that 
it  is  necessary  to  consider  general  pathology  along  with  the  general  part  of 
pathological  anatomy.  These,  then,  are  the  lines  along  which  the  science  has 
developed,  and  the  questions  which  still  await  solution. 


SECTION  I 
GENEEAL    ETIOLOGY 

CHAPTEE    I 

GENERAL    CONSIDERATIONS 

The  causes  of  diseases  may  be  divided  into  two  great  groups — external  and 
internal. 

(a)  The  external  causes  of  disease  are  to  be  looked  for  among  the  influences 
which  the  outer  world  exerts  on  the  human  body.  Conditions  of  climate, 
soil,  dwelling,  clothing,  and  nutrition,  the  special  conditions  of  certain  occupa- 
tions or  trades,  and  many  other  circumstances,  play  a  more  or  less  important 
part  in  the  etiology  of  disease. 

The  human  body  is  certainly  able  to  adapt  itself  to  very  varying  external 
conditions,  but  this  power  is  strictly  limited.  The  adaptation  is  frequently 
brought  about  by  a  strain  on  the  activity  of  single  organs  and  groups  of 
organs,  which,  as  a  rule,  are  thereby  increased  in  volume  and  in  function.  If 
the  strain  on  the  organs  becomes  excessive,  however,  their  nutrition  becomes 
disturbed  and  even  seriously  damaged.  The  more  localised  diseases  frequently 
arise  in  this  way.  In  other  cases  acute  or  chronic  disturbances  of  general 
metabolism  may  be  produced  by  unfavourable  external  conditions.  The  relation 
of  the  external  world  to  pathological  processes  is,  however,  specially  striking 
when  the  latter  occur  as  the  result  of  injuries,  poisonings  or  intoxications,  and 
infections. 

The  term  injury  (or  trauma)  does  not  require  any  further  explanation. 
It  is  applied  to  the  effects  of  external,  mechanical,  partly,  also,  to  thermal 
agencies. 

Poisoning  or  intoxication  implies  a  pathological  disturbance,  caused  by 
the  introduction  of  chemically  active  substances  into  the  human  body,  where 
the  result  stamls  in  a  definite,  though  hj  no  means  always  proportionate,  relation 
to  the  quantity  of  the  substance  introduced. 

In  infection  we  have  to  deal  with  the  introduction  of  injiu'ious  substances 
which  have  the  power  of  multiplying  within  the  body.  Here,  accordingly, 
the  result  appears  as  a  disease  which,  within  certain  limits,  is  independent 
of  the  amount  of  the  substance  introduced,  since  an  exceedingly  minute  quantity 
of  the  latter  frequently  multiplies  into  countless  numbers  after  entering  the 
body. 

The  ferments  and  parasitic  organisms  are  the  external  causes  which,  acting  in 
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many  respects  like  chemical  poisons,  may  produce  disproportionately  great 
results,  even  when  they  are  introduced  in  excessively  small  amount.  As 
regards  the  ferments,  however,  two  essentially  different  varieties  may  be  dis- 
tinguished— the  unformed  or  unwganised  ferments,  and  the  formed  or  m-ganised 
ferments. 

The  im formed  ferments  have  as  yet  been  demonstrated  in  only  a  few  cases 
as  a  cause  of  disease.  As  an  example  wx  may  mention  ricin,  a  substance 
obtained  from  castor  oil  (Robert),  which,  when  taken  by  mistake  in  a  more 
or  less  impure  condition,  has  given  rise  to  serious  and  even  fatal  illness.  It 
has  not  yet  been  shown  that  these  unformed  ferments  multiply  within  the 
human  body,  and  we  cannot  at  present  assume  that  they  do  so.  Therefore, 
although  in  such  cases  an  exceedingly  small  quantity  may  induce  the  most 
serious  pathological  consequences,  it  cannot  be  said  that  absolutely  no  proportion 
exists  between  the  amount  and  the  action  of  the  substance  introduced. 
When  the  amount  of  the  substance  introduced  is  gradually  diminished,  its 
action  eventually  ceases.  In  this  respect  the  action  of  the  unformed  ferment 
closely  resembles  that  of  the  chemical  poisons,  a  fact  which  has  been  recog- 
nised in  the  introduction  of  the  term  ferment  intoxication,  Avhich  refers  specially 
to  those  unformed  ferments.  These  substances  are  probably  of  very  much 
greater  importance  than  we  have  hitherto  believed.  Although  the  unformed 
ferments  of  the  vegetable  world  do  not  reproduce  themselves  within  the 
human  body,  it  is  quite  conceivable  that,  if  an  unformed  ferment  is  produced 
in  one  human  body  and  transmitted  to  another,  it  might  continue  to  reproduce 
itself  there.  It  might  then  appear  as  a  carrier  of  infection  in  the  more  limited 
sense  of  the  term,  by  multiplying  after  transmission,  and  developing  an  action 
more  or  less  independent  of  the  amount  introduced.  Very  great  difficulties 
are  met  with,  however,  in  investigating  the  unformed  ferments,  especially  in 
excluding  the  participation  of  the  formed,  organised  ferments.  It  can  be  thus 
easily  understood  why  much  greater  attention  should  be  directed  at  present 
towards  the  latter. 

The  formed  or  organised  ferments  may  be  shown,  in  very  many  cases,  to 
be  the  cause  of  those  widely  distributed  diseases  which  are  termed  "  infective." 
The  disproportion  between  the  small  amount  of  the  exciting  cause  and  its 
injurious  effects  is  very  striking  in  those  cases.  These  organised  ferments 
appear  as  exceedingly  small  organisms  of  very  simple  structure.  They  con- 
stitute a  contagium  vivum.  They  are  mainly  fungi,  among  which  the  schizo- 
mycetes,  or  fission-fungi,  are  specially  important.  Some,  however,  are  micro- 
organisms which  more  nearly  approach  the  animal  kingdom  in  structure. 
When  these  structures  invade  and  multiply  within  the  body,  they  give  rise, 
in  many  cases,  to  diseases  of  varying  severity,  the  consideration  of  which 
occupies  a  large  and  important  chapter  in  pathology. 

Besides  the  minute  animal  organisms  just  mentioned,  larger  ones  are 
found,  which  begin  to  show  a  differentiation  of  one  or  more  organs.  These 
are  certainly  not  to  be  classed  with  the  ferments,  although  they  agree  with 
them  in  many  points.  We  are  justified,  however,  in  describing  as  iMrasites 
all  those  animals  which  invade  and  live  at  the  expense  of  the  human  body, 
without  considering  whether  they  are  large  or  small,  or  whether  they  have  a 
very  simple  or  a  very  complex  organisation.  As  might  have  been  expected, 
the  larger  forms  of  parasites  were  the  first  to  be  discovered  and  to  have 
their  significance  recognised.  Their  injurious  influence  differs  greatly.  It 
is  worthy  of  note,  however,  that  in  many  cases  highly  organised  animal 
parasites,  trichinae,  for  instance,  give  rise  to  symptoms  very  similar  to  those 
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caused  by  the  smallest  infective  organisms.  Trichinosis  has  very  frequently 
been  mistaken  for  typhoid  fever,  a  disease  which  is  due  to  a  schizomycete  ; 
and  infection  by  trichina?  causes  the  same  abnormal  rise  of  body-temperature 
as  do  the  very  simple  animal  organisms  to  which  intermittent  fever  is  due. 
Only  the  general  course  of  these  diseases,  and  especially  their  characteristic 
temperatures,  show  differences  which  enable  us  to  distinguish  them. 

(Ij)  The  so-called  internal  catises  of  disease  are  to  be  looked  for  in  special 
conditions  of  the  organisation  of  the  body  itself.  Here,  hereditary  transmission 
of  disease,  the  relations  of  the  oi'gans,  and  tinfie  of  life  play  prominent,  but  very 
different  parts. 

The  problems  of  heredity  form  a  very  difficult  subject  for  investigation. 
Although  heredity  in  regard  to  the  external  configuration  of  the  body,  its 
various  internal  organs  and  functions,  is  so  remarkable,  this  heredity  is  mainly 
dependent  on  physiological  processes. 

As  soon  as  the  subject  is  examined  from  the  pathological  aspect,  the  question 
arises  as  to  the  possibility  of  transmission  of  such  peculiarities  as  have  been 
acquired  by  an  individual  during  his  lifetime.  This  question  can  hardly  be 
said  to  be  ripe  for  decision,  for,  although  many  answers  have  been  given  to  it, 
there  has  been  no  agreement  among  them.  This,  accordingly,  does  not  seem  to 
be  the  place  for  a  final  decision  ;  we  shall  rather  endeavour  to  describe  the 
present  state  of  opinion  among  pathologists  on  the  subject. 

There  can  be  no  doubt  that  many  supposed  proofs  of  the  transmission  of 
acquired  pathological  peculiarities  may  bear  more  than  one  interpretation  and 
must  therefore  be  set  aside.  It  is  beyond  doubt  that  many  infectious  diseases, 
syphilis,  for  instance,  are  transmitted  from  the  parents  to  the  foetus.  But  this  is  due 
to  the  transmission  of  infective  material  before  birth  from  the  parents  to 
the  children,  not  to  the  inheritance  of  a  special  pathological  condition.  The 
poison  of  the  disease  is  conveyed  to  the  progeny  and  develops  its  morbid 
actions  in  them.  Even  if  this  transmission  takes  place  in  the  embryonic  or 
foetal  period,  Avhat  happens  is  that  a  cause  of  disease  that  is  really  external 
becomes  active  through  a  direct  transmission  from  parent  to  child. 

Recovery  from  an  attack  of  many  infectious  diseases  gives  rise  to  an 
immunity,  lasting  for  a  shorter  or  longer  period,  in  the  individuals  who  have 
recovered,  and  protecting  them  from  infection  by  the  same  disease.  It  has  been 
further  observed  that  this  immunity  after  infective  diseases  can  he  demonstrated  in 
the  descendants.  This  jDhenomenon  is  generally  explained  by  saying  that  the 
immunity  which  the  parents  have  personally  acquired  by  experiencing  the 
disease  is  inherited  by  their  immediate  posterity,  Avhich  is  therefore  affected 
only  slightly,  or  not  at  all,  when  exposed  to  the  same  infection.  It  is  quite 
possible,  however,  Avithout  assuming  that  this  acquired  immunity  is  inherited, 
to  give  another  adequate  explanation  which  connects  the  observed  facts  with 
special  conditions,  peculiar  to  certain  families  and  races.  Those  individuals 
who  early  manifest  great  susceptibility  to  disease,  fall  ill  more  frequently  and 
more  seriously,  and  form  the  majority  of  fatal  cases.  Their  descendants  will 
therefore  be  less  numerous  than  the  posterity  of  those  individuals  who,  because 
of  the  conditions  above-mentioned,  are  less  susceptible.  A  larger  number  of 
the  latter  will  survive,  and,  in  their  turn,  yield  a  more  numerous  posterity. 
These  will  soon  form  the  majority,  and,  because  of  their  special  unsusceptibility, 
will  less  frequently  fall  victims  to  disease. 

In  the  explanation  just  given  it  must  not  be  overlooked  that  the  process  of 
the  survival  of  the  fittest,  Avhich  is  frequently  supposed  to  exist  in  the  animal 
world,  does  not  exist  in  the  same  unmodified  form  among  mankind.     Other 
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factors,  such  as  wealth  and  poverty,  greatly  influence  the  fertility  of  the  human 
race  taken  as  a  whole,  as  well  as  of  single  families  and  individuals.  The  well- 
to-do  are  also  frequently  able  to  Avithdraw  from  the  risk  of  infection,  while 
the  poorer  classes  are  exposed  to  it.  These  factors,  however,  depend  upon 
qualities  which  are  quite  different  from  that  of  susceptibility  to  disease.  The 
immunity  of  descendants  which  follows  many  epidemic  infective  diseases,  is 
therefore  a  complex  and  unsettled  question. 

In  other  cases  an  infectious  disease  of  the  parents  and  ancestors  appears  to 
cause  greater  susceptibility  toward  the  same  affection  in  the  descendants.  In  the 
case  of  tuberculosis,  for  instance,  it  is  generally  admitted  that  the  susceptibility 
of  different  individuals  varies  greatly.  It  has  been  observed  that  a  certain 
formation  of  the  thorax  is  very  frequently  found  in  tubercular  subjects,  and 
that  those  individuals  Avho  have  this  particular  form  of  thorax  are  very  suscept- 
ible to  the  tubercular  poison.  We  may  therefore  describe  this  peculiar  form 
of  chest  as  a  factor  favourable  or  predisposing  to  the  disease,  which  only  comes 
into  play  after  infection  with  the  tubercular  virus. 

This  predisposition  to  tuberculosis  is  undoubtedly  hereditary  in  many 
families,  and  in  these  families,  also,  comparatively  frequent  opportunity  for 
infection  occurs,  because  of  the  disease  of  many  of  their  members.  There  can 
also  be  no  doubt  that  tubercular  disease  gives  rise  to  many  deformities  of  the 
thorax  which  partly  resemble  those  which  are  supposed  to  indicate  a  hereditary 
disposition  to  this  disease.  Nevertheless,  we  may  question  whether  these  latter 
are  due  to  hereditary  transmission  of  acquired  pathological  peculiarities,  since  it 
must  be  admitted  that  the  long,  narrow  thorax,  which  is  the  expression  of  the 
disposition  to  tuberculosis,  may  be  a  family  (or  race)  peculiarity.  (In  cases  of 
tuberculosis  this  would  combine  with  the  changes  in  form  of  the  thorax  which 
the  disease  often  produces.) 

The  assumption  of  a  family  or  race  peculiarity,  however,  by  no  means 
affords  a  final  explanation.  The  question  arises,  "How  has  the  special  peculiarity 
originated?''^  Such  peculiarities  also,  when  pathological,  might  just  as  well 
depend  on  inheritance  of  acquired  pathological  conditions  as  on  a  variation 
of  some  part  of  the  organism,  originally  independent  of  an  external  cause 
and  subsequently  favoured  by  selection.  In  the  latter  case  it  may  appear 
paradoxical  that  a  predisposition  to  disease  should  form  a  family  or  race 
peculiarity,  since,  by  selection,  only  those  qualities  tend  to  be  further  developed 
w^hich  benefit  the  individual  in  some  manner  or  other.  If,  however,  it  be 
remembered  that  in  man  those  qualities  which  guarantee  advancement  in  social 
position  are  repeatedly  favoured  by  selection,  the  occasional  development  of 
pathological  family  peculiarities  is  not  quite  incomprehensible.  In  point  of 
fact,  persons  who  are  distinctly  in  bad  health,  and  for  whom  existence  is 
only  possible  under  favourable  social  circumstances,  very  frequently  have 
children.  From  this  it  may  be  seen  that  in  man  qualities  which  must  be 
termed  pathological,  will  also  be  developed  by  selection.  Under  the  terms, 
polyuria,  retinitis  pigmentosa,  etc.,  conditions  will  be  afterwards  described 
which  have  perhaps  arisen  in  this  way,  and  which,  at  any  rate,  represent 
peculiar  hereditary  diseases. 

The  existence  of  hereditary  diseases  and  hereditary  predispositions  to  disease 
which  may  be  regarded  as  family  peculiarities  is  therefore  beyond  doubt.  In 
each  individual  case  the  question  would  then  have  to  be  answered  whether 
these  race  peculiarities  are  to  be  attributed  to  the  transmission  of  acquired 
pathological  properties  or  to  a  possibly  accidental  variation  in  the  organisation 
of  the  body,  which  has  been  further  developed  by  selection.     Both  cases  are 
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possible  and  conceivable ;  only  it  is  very  difficult  to  prove  which  of  the 
two  explanations  meets  the  case.  More  general  consideration  must  be  directed 
to  the  question,  how  far  in  the  two  cases  the  conditions  of  the  external  world 
exert  a  determining  influence,  since  these  alone  are  capable,  at  present,  of 
being  accurately  estimated. 

External  causes  of  disease  play  an  important  part  in  the  transmission 
of  acquired  pathological  qualities,  inasmuch  as  they  produce  the  disease  of 
the  parents  which  is  afterwards  transmitted  to  the  descendants.  All  experience, 
however,  leads  to  the  assumption  that  these  pathological  disturbances  must 
disappear  again  in  the  next  generation  if  the  same  injurious  influences  of 
the  external  world  do  not  recur.  Therefore,  in  the  theory  of  transmission 
of  acquired  pathological  peculiarities  the  most  important  elements  are  the 
external  causes  of  disease.  A  similar  relation,  although  in  another  form, 
is  also  seen  in  those  family  and  race  peculiarities  which  might  be  derived 
from  the  independent  variations  of  our  bodily  organisation,  further  developed 
by  selection. 

The  variation  of  the  external  and  internal  forms  and  functions  of  the 
organism  are  of  fundamental  importance  for  the  Darwinian  theory.  It  may 
be  supposed  that  these  variations  are  accidental,  perhaps  under  the  influence 
of  accidental  external  circumstances.  In  any  case,  however,  the  external  world 
is  essentially  important  for  the  maintenance  and  further  development  of  these 
variations,  since  it  determines  which  variations  are  to  be  victorious  in  the 
struggle  for  existence.  The  supposition  that  these  variations  are  accidental 
is,  however,  not  the  only  possible  one.  In  spite  of  all  the  advances  in 
histology,  the  mechanism  and  chemistry  of  the  formative  processes  in  the 
cell  and  cell-nucleus  are  still  essentially  unknown.  Therefore,  it  cannot  be 
denied  that  this  mechanism  may  of  itself  bring  about  a  gradual  change  of 
structure  and  thus  constitute  an  internal  cause,  inherent  in  the  nature  of  the 
organism,  for  the  variation  in  the  development  in  its  structure.  This  doctrine 
is,  indeed,  powerfully  supported  by  Nageli  and  Kolliker.  The  action  of  this 
internal  cause,'  however,  may  be  influenced  by  external  conditions.  Although 
the  variations  are  here  completed  according  to  a  fixed  law,  the  conditions  of  the 
externcd  world  still,  as  before,  determine  the  continuance  of  those  changes  which  show 
themselves  most  useful  in  the  competition  with  others. 

The  great  importance  of  external  circumstances  for  the  development  of 
species  and  of  race  must,  of  course,  also  be  remembered  in  considering  the 
origin  of  family  and  race  peculiarities  ;  and  where  such  peculiarities  are  patho- 
logical, the  external  conditions  which  produce  them  must  rank  as  their  external 
causes.  The  accurate  determination  of  these  conditions  is  certainly  a  difficult 
task,  and  one  which  is  still  far  from  being  completed.  Pathology  may 
perhaps,  in  time,  materially  advance  our  knowledge  of  heredity,  by  investi- 
gating the  external  conditions  which  give  origin  to  pathological  peculiarities 
which  become  inherited,  even  when  those  external  conditions  are  not  the 
ultimate  cause  of  the  disease.  However,  in  discussing  the  ti-ansmission  of 
pathological  conditions,  it  must  be  remembered,  also,  that  these  may  take  the 
form  of  variations  which  disappear  in  the  competition  with  other  variations,  but 
are,  nevertheless,  maintained  through  several  generations.  In  this  case  the 
variation  appears  to  be  the  direct  cause  of  the  hereditary  disease  which,  in 
its  turn,  takes  the  form  of  a  family  peculiarity.  It  cannot  be  seen,  at  present, 
how  the  mode  of  origin  of  such  variations  is  to  be  demonstrated.  It  is  not 
sufficient  to  point  out  that  hereditary  disease  does  exist,  unless,  at  the 
same  time,  an  external  cause  for  the  disease  can  be  brought  forward. 
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Some  conclusion  in  this  branch  of  pathology  has  been  sought  in  the  recently 
greatly  extended  knowledge  of  the  formation  and  fecundation  of  the  generative 
cells.  The  rudiments  of  the  generative  organs  and  cells  separate  very  early 
from  the  other  constituents  of  the  body,  a  long  time,  at  least,  before  the  great 
part  of  the  external  causes  of  disease  act  upon  the  organism.  The  latter  are 
supposed  to  ^serve  as  a  mechanical  protection  to  the  embryonic  rudiment  of 
the  generative  cells  which  it  surrounds,  from  the  action  of  external  causes  of 
disease.  It  is  regarded  as  inconceivable  that  disease,  in  the  liver  or  lungs,  for 
instance,  should  have  a  reaction  on  the  ovarian  or  spermatic  elements,  which  are 
still  perhaps  immature.  The  young  organism,  which  issues  from  the  union  of 
the  ovum  and  spermatozoon,  is  supposed  to  have  inherited  only  race  or  family 
peculiarities,  but  no  share  in  the  acquired  pathological  qualities  of  its  parents. 

This  inference  does  not  by  any  means  hold  good  in  all  cases.  In  a 
case  of  typhoid,  most  remarkable  and  serious  changes  take  place  in  the 
alimentary,  circulatory,  and  nervous  systems.  The  hair  also  not  infrequently 
falls  out,  and  that  part  of  the  finger-nail  which  is  produced  during  the  acute 
stage  of  the  disease  shows  a  peculiar  malformation.  The  general  disturbance 
of  nutrition,  consequent  on  infection  with  the  typhoid  virus,  has  involved  the 
roots  of  the  hair  and  nails.  Why  should  the  generative  cells  remain  untouched 
by  the  disturbance  of  nutrition  which  affects  all  the  other  tissues  %  It  is  true 
that,  as  yet,  Ave  have  not  been  able  to  demonstrate  microscopically  any  changes 
occasioned  by  typhoid  in  the  generative  cells ;  but  the  same  is  true  of  the 
muscles,  although  it  may  be  quite  clear,  from  their  excessive  weakness,  that 
they  have  been  affected.  Besides  this,  the  generative  cells  form  a  portion  of 
the  organism  which  requires  a  continuous  supply  of  nutriment  from  the  general 
circulation  for  its  development.  //  cannot,  therefore,  according  to  the  modern 
standpoint  of  science,  he  denied  a  priori  that  diseases  in  the  parents  may  react  on 
the  p)rop)erties  of  the  generative  cells  and  on  the  descendants.  Whether  such  a 
reaction  takes  place,  and  by  what  means  the  acquired  pathological  peculiarities 
of  parents  are  transferred  to  their  descendants,  cannot  at  present  be  determined, 
and  will  only  be  proved  in  the  future  by  direct  observation  of  the  trans- 
mission. This  much,  however,  may  be  learned  from  what  has  been  said  above, 
that  the  external  conditions  of  life  must  have  an  important  share  in  the  causa- 
tion of  hereditary  disease.  Experience  shows  that  it  is  not  by  any  means  every 
pathological  peculiarity  that  is  transmitted.  Such  a  transmission  is  only  to 
be  expected  ^in  those  disturbances  which  involve  the  generative  cells.  It  may 
be  taken,  as  supporting  this  view,  that  hereditary  diseases  disappear  in  later 
generations,  either  because  the  external  conditions  of  life  have  changed,  or 
because  the  action  of  the  disturbance  has  gradually  been  modified  through 
marriage  with  members  of  healthy  families. 

These  points  are  of  very  great  importance  in  the  question  of  marriages 
among  blood  relations.  It  would  seem  that  such  marriages  among  relations  may 
result  in  strong  and  healthy  offspring,  so  long  as  the  families  are  thoroughly 
healthy;  but  that,  on  the  other  hand,  hereditary  disease  would  be  established  if 
the  families  should  be  affected  by  diseases  which  can  exert  an  unfavourable 
influence  on  the  formation  and  maturation  of  the  generative  cells.  We  may 
safely  say  that  experience  supports  these  inferences.  At  present,  however, 
we  cannot  learn,  by  i/easoning  backwards  from  that  experience,  on  what  the 
transmissibility  of  acquired  pathological  conditions  depends.  The  best  known 
hereditary  diseases  areiof  so  peculiar  a  character  that  it  is  very  difiicult  to  show 
from  experience  what  ckuses  governed  their  first  appearance. 

The  difficulties  whicjli  prevent  the  decision  of  the  question  of  the  transmission 
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of  acquired  pathological  peculiarities  may  be  recapitulated  in  a  few  words.  If,  in 
the  different  generations  of  a  family,  the  recurrence  of  certain  forms  of  disease  be 
observed,  which,  it  is  known  from  experience,  may  also  be  acquired  as  the  result 
of  external  injury,  it  may,  as  already  mentioned,  be  assumed  to  be  possible 
that  the  different  generations  have  acquired  this  disease  separately.  It 
would  require  a  much  more  extended  experience  to  prove  that  these  acquired 
pathological  peculiarities  have  been  hereditarily  transmitted.  At  present  this  is 
still  doubtful.  If,  however,  on  the  other  hand,  we  have  to  deal  with  a  hereditary 
disease,  for  which,  at  present,  no  external  cause  can  be  cited,  a  valid  decision 
for  or  against  the  assumption  of  the  transmission  of  acquired  pathological 
peculiarities  is  just  as  little  to  be  found,  since,  in  these  cases,  the  cause  of  the 
disease  is  certainly  inexplicable.  The  assumption  of  transmitted  race  and 
family  peculiarities  is  a  makeshift  which  only  hides  but  does  not  bridge  over 
the  defects  in  our  knowledge.  Those  diseases  in  which  there  is  no  evidence  of 
an  external  cause  require  special  notice.  All  that  investigation  can  hope  to  do 
with  regard  to  them  is  to  explain  their  causation  in  course  of  time ;  or,  in  other 
words,  to  show  that  they  dejiend  on  special  external  changes  or  conditions. 
It  is  only  the  demonstration  of  the  external  causes  of  disease  that  advances 
real  knowledge.  The  assumption  of  internal  causes  affords  no  thoroughly  satis- 
factory explanation,  but  is  merely  justified  as  an  unavoidable  stage  in  the 
progress  of  investigation. 

Corresponding  to  these  deductions,  we  may  distinguish  the  following 
varieties  of  hereditary  diseases  : — 

1.  Hereditary  transmission  of  external  causes   of  disease  (infections  and 

intoxications). 

2.  Hereditary  diseases    in  which    the    proof   of    corresponding    external 

causes  is  absent. 

3.  Diseases  and  predispositions  to  disease  which  seem  to  be  hereditary 

in   families,  but  which  might  also  be  produced  in  the  individual 
members  of  the  family  by  external  causes. 

It  is  clear,  from  previous  explanations,  that  the  boundaries  between  these 
groups,  and  especially  between  the  two  last,  may  be  altered  as  our  knowledge 
advances.  They  are  only  useful  as  a  temporary  classification,  afterwards  to  be 
replaced  by  another  which  will  correspond  more  exactly  to  the  nature  of  the 
phenomena.  The  second  group,  however,  has  pre-eminently  a  special  interest, 
since  in  it  the  hereditary  nature  of  disease  appears  most  distinctly,  and  for  this 
reason  a  series  of  such  cases,  polyuria,  haemophilia,  and  retinitis  pigmentosa,  will 
afterwards  be  described  somewhat  more  minutely. 

We  have  now  to  examine  more  closely  some  other  important  conditions 
which  are  to  be  reckoned  as  internal  causes  of  disease,  namely,  the  correlation 
between  tJie  various  organs  of  the  body.  This  relation  comes  under  consideration 
in  various  ways  in  pathology.  In  the  first  place,  it  may  frequently  be  sho\vii 
that  disease  of  one  organ  involves  diseases  of  several  other  organs.  Disease 
of  the  valves  of  the  heart  interferes  with  the  circulation  of  the  blood,  and 
frequently  leads  to  blood  stasis  in  the  pulmonary  or  systemic  circulation, 
thus  disturbing  the  lungs  and  other  organs,  not  only  in  their  function,  but 
also  in  their  anatomical  structure.  These  are  conditions  which  continually 
appear  in  the  special  consideration  of  the  diseases  of  the  various  organs.  In 
the  second  place,  however,  consideration  of  the  relations  between  the  individual 
organs  leads  up  to  the  question  of  predisposition  to  disease. 

The  complex  causes  which  give  rise  to  pathological  processes  in  the  human 
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body  are  known  in  only  a  few  cases  sufficiently  accurately  to  allow  the  relation 
between  the  cause  and  effect  to  be  exactly  determined.  In  a  purely  general 
consideration  we  have  to  distinguish,  as  a  rule,  between  remote  or  predisposing 
causes  of  disease  (causce  remotce  sive  prcedisponentes)  which  render  the  body  less 
resistant  to  the  immediate  or  direct  cause  of  disease  {causae  proximce  sive  deter- 
viinantes).  This  definition  has  never  been  very  accurately  applied,  but  it  has 
an  undeniable  importance,  since  it  is  supported  by  positive  and  well-authenti- 
cated facts.  We  must,  however,  carry  the  analysis  further,  especially  in  regard 
to  the  remote  causes,  and  distinguish  between  pathological  predisposition  to  disease, 
individual  predisposition,  and  the  pi'edisposition  due  to  time  of  life. 

Pathological  predispositions  to  disease  occur  as  pathological  conditions  which 
render  the  human  body  less  resistant  to  injurious  influences  which  may  cause 
other  forms  of  disease.  Purulent  catarrh  of  the  genito-urinary  system  is  a 
disease  which  may,  perhaps,  have  been  brought  about  by  gonorrhoeal  infection. 
This  disease,  however,  makes  the  introduction  of  a  tubercular  infection  very 
much  more  easy.  Tuberculosis  of  the  genito-urinary  system  arises  here,  as 
always,  from  infection  with  tubercle  bacilli,  and  these  form  the  immediate  or 
direct  cause  of  the  disease.  The  preceding  purulent  catarrh  has,  however,  in 
this  case  and  in  relation  to  the  later  tuberculosis  infection,  the  character  of 
a  remote  or  predisposing  cause.  It  brings  about  a  diseased  condition  of  the 
mucous  membranes  which  constitutes  a  pathological  predisposition. 

As  individual  predispositions  to  disease  only  those  peculiarities  of  an  individual 
should  be  described  which  lie  within  the  limits  of  normal  conditions  and  which 
favour  the  occurrence  of  a  disease.  It  is  quite  permissible  to  assume  that 
great  individual  deviations  of  certain  organs  from  the  normal,  even  when 
they  cannot  be  termed  pathological  in  themselves,  may  favour  the  appearance 
of  certain  diseases.  I  have  exhaustively  explained,  in  the  paper  mentioned 
before  (p.  3),  how  difficult  it  is  to  demonstrate  such  occurrences.  As  a  fact, 
this  can,  as  a  rule,  only  be  done  by  means  of  statistics — a  method  which 
demands  a  great  deal  of  time.  Many  observations  can  hardly  be  explained  in 
any  other  way  than  by  the  assumption  of  individual  predispositions.  If  a 
large  number  of  human  beings  are  equally  exposed  to  infection,  as  a  rule 
only  a  portion  becomes  ill,  the  rest  manifest  a  relative  immunity.  This  is 
often  very  noticeable  when  different  races  of  men  mix  together.  The  negroes 
of  the  countries  on  the  African  coast  are  much  less  subject  to  ague  than  the 
perfectly  healthy  Europeans  who  visit  these  countries.  This  is  due  to  race 
peculiarities,  but  it  may  also  be  regarded  as  due  to  individual  predispositions. 
The  same  applies  to  the  differences  of  sex.  Diabetes  mellitus,  gout,  tabes  dorsalis, 
and  general  paralysis  are  much  more  commonly  met  with  in  man  than  in 
woman.  It  is  true,  however,  that  in  cases  where  race  and  sex  are  regarded  as 
predispositions  to  disease,  many  external  conditions,  which  cannot  be  easily 
discussed  in  their  most  general  aspect,  play  an  important  role. 

The  predisposition  due  to  time  of  life  is  also  due  to  conditions  which  come 
within  normal  limits.  The  capacity  for  resistance  to  the  exciting  causes  of  dis- 
ease is  altogether  different  at  different  periods  of  life,  even  when  healthy  persons 
only  are  considered.  These  differences  may,  in  many  cases,  depend  upon  the 
fact  that  the  relations  of  the  individual  organs  to  each  other  differ  greatly 
at  different  ages. 

It  is  not  only  the  relations  in  volume  of  the  several  organs  and  portions  of 
organs,  their  relative  size  and  weight,  which  alter  in  the  course  of  life,  but  often 
also  the  microscopic  structure  and  physiological  function.  An  explanation  of 
the  way  in  which  the  susceptibility  to  disease  is  influenced  by  the  period  of 


PREDISPOSl  TIONS  1 5 

life  can  only  be  given,  however,  in  very  rare  cases,  and  often  only  in  con- 
nection with  the  external  influences  which  are  the  immediate  cause  of  the  dis- 
turbance. The  intestinal  mucous  membrane  is  decidedly  more  susceptible  in 
the  first  years  of  life  than  afterwaixls,  but,  notwithstanding  this,  it  is  unsuit- 
able food,  as  a  rule,  which  brings  on  the  intestinal  catarrh  which  is  so 
extraordinarily  common  and  often  fatal  at  this  age.  The  susceptibility  of 
the  intestinal  mucous  membrane  of  the  child  is,  in  this  case,  due  to  the  period 
of  life.  The  unsuitable  character  of  the  food  which  gives  rise  to  abnormal 
fermentations  afi'ords  only  a  partial  explanation.  The  explanation  is  not  always 
so  imperfect,  however.  In  advanced  life,  for  instance,  the  diseases  of  the  vas- 
cular system  predominate.  The  arteries  especially,  which,  for  many  years,  have 
been  off"ering  uninterrupted  resistance  to  the  pressure  of  the  blood,  are  apt  to 
become  diseased.  This  can  be  easily  ascribed  to  a  diminution  of  the  elasticity 
of  their  walls,  however — a  condition  which  is  common  to  all  bodies  that 
possess  elasticity.  This  is  a  more  satisfactory  explanation  of  the  cause  of 
the  disease,  and  renders  it  unnecessary  to  assume  that  it  is  the  result  of 
a  mere  predisposition  of  the  period  of  life.  It  will  be  easily  understood  that 
this  loss  of  elasticity  must  make  itself  the  more  noticeable  the  longer  the 
period  of  time  during  which  the  vessel  wall  had  to  keep  up  its  tension.  The 
theory  of  predisposing  and  determining  causes  may  be  regarded  merely  as  an 
aid  to  investigation  which  may  be  used  during  the  present  imperfect  state  of 
our  knowledge,  and  which  may  serve  to  conveniently  classify  the  incompleted 
results  of  our  observations.  It  is,  however,  a  theory  which  in  many  cases 
makes  presuppositions  which  are  certainly  justifiable,  but  are  not  absolutely 
necessary. 

Among  the  diseases  which  are  closely  connected  with  certain  periods  of 
life,  and  which  are  both  interesting  and  mysterious,  the  disturbances  which 
lead  to  abnormal  formations  of  the  body  and  its  organs  during  foital  life  and 
the  period  of  growth  may  be  specially  mentioned.  These  are  the  malformations. 
The  protected  position  of  the  foetus  within  the  mother's  body  allows  these 
disturbances  frequently  to  escape  clinical  observation,  so  that  they  come  more 
especially  under  the  notice  of  the  pathologists,  who  have  reached  many  valuable 
general  conclusions  with  regard  to  them.  It  therefore  appears  justifiable  to 
consider  these  malformations  in  some  detail,  devoting  special  attention  to  the 
most  important  varieties. 


CHAPTER  II 

TRAUMA   AND   TRAUMATIC   DISEASES 

Injury  or  trauma  is  the  term  used  for  a  lesion  produced  by  external,  mechanical 
or  thermal  causes,  which  results  in  disease  or  death. 

The  direct  eflfects  of  the  injury  manifest  themselves  as  changes  in  the 
physiological  relations  of  the  tissue  affected  by  it ;  those  changes  appearing 
in  the  first  place  as  disturbance  of  function,  but  in  many  cases  being  combined 
with  alterations  of  the  histological  and  molecular  structure  of  the  tissues,  and 
with  more  or  less  solution  of  continuity.  The  haemorrhages  which  occur  simul- 
taneously with  the  solution  of  continuity  may  also  be  regarded  as  a  direct 
effect  of  the  injury. 

In  injuries  made  by  a  sharp  instrument,  such  as  incised  or  punctured 
wounds,  the  disturbances  of  the  molecular  structure  of  the  tissues  are  fre- 
quently insignificant  and  limited  to  the  margins  of  the  wound.  Blunt  instru- 
ments, on  the  other  hand,  generally  destroy  a  considerable  extent  of  tissue, 
so  that  the  histological  structure  is  frequently,  but  by  no  means  always, 
considerably  altered. 

Among  the  direct  effects  of  trauma  are  included  the  phenomena  of  tlie  reaction 
of  the  organism.  These  vary  greatly  according  as  the  mechanical  actions  are  or 
are  not  accompanied  by  toxic  and  infective  influences.  It  is  acknowledged  that 
injury  of  the  skin  involving  solution  of  its  continuity,  and  also  many  injuries 
of  the  mucous  membranes  which,  like  those  of  the  intestine  and  the  cavities 
communicating  with  the  mouth  and  nose,  stand  in  close  relation  to  the  external 
world,  involve  the  danger  of  invasion  by  the  parasitic  micro-organisms  which 
cause  sepsis  and  suppuration.  The  result  of  the  injury  is  greatly  modified  by 
such  complications,  and,  under  some  circumstances,  even  life  itself  may  be 
threatened.  The  strong  antiseptics  so  frequently  applied  to  wounds  with  the 
best  results  for  the  destruction  of  those  micro-organisms,  may  themselves  not 
only  disturb  the  course  of  healing  in  the  wound,  but,  when  absorbed  into  the 
blood,  may  even  prove  fatal.  We  therefore  distinguish  between  simjyle  injuries 
and  complicated  injuries,  in  which  the  complications  are  due  to  the  entrance  of 
toxic  or  infective  agents. 

In  a  purely  general  consideration  of  the  question  it  is  only  the  simple 
injuries  which  are  suited  for  the  study  of  the  reaction  of  the  organism  towards 
mechanical  and  thermal  injuries.  The  results  of  toxic  and  infective  complica- 
tions, on  the  other  hand,  will  be  dealt  with  in  subsequent  chapters. 

The  first  reaction  to  simple  injury  invariably  appears  as  disturhances  of 
innervation  and  of  the  circulation. 

The  outer  surface  of  the  healthy  human  body  is  universally  provided  with 
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nerves,  and  cannot  be  injured  without  disturbance  of  innervation,  although 
this  is  not  invariably  painful.  This  disturbance  of  innervation,  however,  can- 
not always  be  easily  demonstrated  objectively.  In  many  cases  it  can  only  be 
deduced  from  the  disturbance  of  the  circulation.  This  disturbance  of  circula- 
tion is  constantly  seen  in  the  neighbourhood  of  the  injury  as  a  local  circulatary 
reaction.     This  is  accompanied,  in  many  cases,  hy  a  general  circulatory  reaction, 

as   was   first    observed    by    Heidenhain    and 
Griitzner. 

The  general  reactive  disturbance  of  circula- 
tion, which  is  frequently  present  after  injuries, 
although  it  may  not  always  occur,  appears 
as  a  transitory  rise  of  pressure  in  the  aorta, 
the  course  of  which  is  graphically  represented 
in  Fig.  I. 

In  the  first  sixteen  seconds  this  curve 
shows  the  regular  variations  in  blood-pres- 
sure Avhich  depend  upon  the  pulse  and  respira- 
tion. From  the  sixteenth  second  onwards 
the  blood -pressure  rises  considerably  from 
about  110  to  200  mms.  of  mercury,  while, 
at  the  same  time,  the  rate  of  the  pulse  is 
slowed  and  its  movements  made  irregular 
by  the  occurrence  of  several  very  great  pul- 
sations. Injuries  with  a  blunt  instrument 
may  also  occasionally  cause  similar  rises  of 
the  blood-pressure.  The  increase  in  pressure 
is,  mainly,  the  result  of  the  contraction  of  all 
the  systemic  arteries,  except  those  of  the  skin 
(Lov<^n)  and  the  muscles  (Heidenhain).  Since 
the  flow  of  blood  into  the  capillaries  is  thus 
impeded  the  pressure  in  the  aorta  rises. 
The  rate  of  the  pulse  does  not  alter  when  the 
vagi  are  cut  through  at  the  same  time. 

It  is  clear  that  these  general  circulatory 
disturbances,  which  occasionally  occur  after 
injuries,  can  only  be  due  to  a  stimulation 
of  the  sensory  nerves  in  the  region  of  the 
injury  —  a  stimulation  which  acts  reflexly 
through  the  cerebro-spinal  nerve  centres  and 
affects  the  innervation  of  the  heart  and  blood- 
vessels. Similar  results  are  obtained,  how- 
ever, in  injuries  of  the  deeply  situated  parts, 
the  abdominal  muscles  or  intestine  of  rabbits 
and  dogs,  for  instance.  The  accompanying 
kymographic  curve,  which  has  been  reduced 
about  one  half,  exemplifies  this  (Fig.  2). 
Corresponding  observations  in  man  also  sometimes  show  a  similar  be- 
haviour of  the  pulse  and  of  the  blood-pressure,  so  far  at  least  as  may  be  inferred 
from  indirect  observation.  Not  a  few  cases  are  described  in  literature  in 
which  rupture  of  arteries  with  fatal  hsemorrhage  took  place,  and  that  too  in 
arteries  which  Avere  absolutely  removed  from  the  direct  or  indirect  mechanical 
actions  of  the  injury.     In  these  cases  the  arteries  were  admittedly  diseased  and 
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considerably  weakened ;  but,  nevertheless,  the  coincidence  of  the  rupture  with  a 
distant  injury  is  distinct  evidence  that  in  man  also  there  may  be  a  considerable, 
though  perhaps  not  invariable,  transitory  rise  of  pressure  in  the  aorta  after  an 
injury. 

The  local  reactive  disturbance  of  circulation  which  appears  in  the  neighbour- 
hood of  the  injury,  is  especially  important.  It  is  easily  recognised  by  the 
naked  eye,  through  the  marked  redness  and  congestion  of  the  injured  part  and 
its  neighbourhood.  In  many  cases  this  redness  extends  a  considerable  distance 
into  areas  which  were  not  directly  exposed  to  the  mechanical  or  thermal  action. 
This  is  very  noticeable  in  non-vascular  but  highly  nervous  parts,  such  as  the 
cornea.  In  sharply  circumscribed  injuries  of  the  centre  of  the  cornea  a  more 
or  less  distinct  redness  is  always  observed  in  the  portions  of  the  conjunctiva 
and  sclerotic  immediately  round  the  cornea,  and  is  due  to  congestion  of  the 
blood-vessels  there.  The  first  local  reactive  disturbances  of  circulation  occur 
in  the  vascular  areas  which  nourish  the  injured  parts.  Occasionally,  this  circula- 
tory disturbance  extends  to  wider  areas,  and  may  sometimes  even  implicate 
vascular  areas  which  are  far  removed  from  the  site  of  the  injury,  but  which 
occupy  symmetrical  positions  on  the  opposite  side  of  the  body  (Annandale, 
Weir-Mitchell). 

The  question  arises,  how  are  Ave  to  explain  the  occurrence  of  this  local  re- 
active circulatory  disturbance  which  sets  in  after  injury? 

Mm  hg. 
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Fig.  2. — Blood-pressure  in  the  right  common  carotid  of  a  curarised  dog.  Between  a  and  h  the  intestine, 
■which  had  been  drawn  through  an  opening  in  the  abdominal  wall,  was  crushed.  The  ordinate  shows  the 
blood-pressure  in  millimetres  of  mercury ;  the  abscissa  the  time  in  seconds.  The  curve  is  interrupted  to 
reduce  the  size  of  the  figure. 

(a)  It  is  partly  hrought  about  reflexly.  The  sensation  of  pain  which  accompanies 
injury  is  caused  by  the  conduction  to  the  brain  of  the  local  irritation  of  the 
nerves.  Loven,  working  in  C.  Ludwig's  laboratory,  was  the  first  to  show  that 
irritation  of  the  central  end  of  a  divided  sensory  nerve  produced  changes  in 
the  nerve  centres  which  caused  reflex  dilatation  of  the  arteries  in  the  area  cor- 
responding to  the  peripheral  terminations  of  the  irritated  nerve.  It  is  true 
that  the  more  permanent  dilatation  of  those  arteries  is  sometimes  preceded  by 
a  very  transient  contraction — a  phenomenon  which  is  very  frequently  observed 
after  injuries.  Similar  appearances  are  noted  in  connection  with  neuralgias, 
such  as  often  occur  in  the  parts  supplied  by  the  fifth  nerve,  for  instance,  which 
are  generally  accompanied  by  redness  and  swelling  of  the  area  of  skin  supplied 
by  the  affected  nerve. 

An  experiment  by  Samuel  is  of  great  interest  in  connection  with  this  ques- 
tion. He  divides  one  sympathetic  nerve  in  a  rabbit  high  in  the  neck,  where- 
upon, as  is  known,  the  arteries  on  the  same  side  of  the  head  become  dilated 
and  those  on  the  opposite  side  become  contracted.  After  this  preliminary  the 
sensory  nerve  of  the  lobe  of  the  ear  is  cut  through  on  the  side  on  which  the 
sympathetic  is  intact.  As  a  result  the  ear  becomes  anaemic  and  anaesthetic 
and  so  insensitive  to  scalding  with  hot  water,  that  such  scalding  causes  only 
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trifling  dilatation.  The  local  circulatory  reaction  is  almost  completely  absent. 
Since,  however,  the  ear  reacts  freely  when  its  sensory  nerve  is  intact,  this  ex- 
periment (however  difficult  its  full  interpretation  may  be)  shows  that  the 
sensory  conduction  to  the  brain  is  of  great  importance  for  the  occurrence  of 
local  reaction  after  injury. 

i)j)  It  can,  however,  be  proved  that  such  local  circulatory  reaction  occurs 
even  when  the  sensory  conduction  is  destroyed.  [Many  of  the  older  experiments 
(Weber,  Buchheim)  made  on  portions  of  limbs,  separated  from  the  body, 
Avith  the  view  of  solving  this  question  have  no  real  bearing  on  the  subject, 
since  in  them  toxic  substances  were  employed  to  produce  local  injury,  and 
these  substances  either  caused  strong  diffusion  currents  between  the  contents  of 
the  blood-vessels  and  the  tissues,  or  greatly  increased  the  permeability  of  the 
vessel  walls.  The  alterations  observed  in  the  blood  column  within  the  vessels 
in  such  cases  may,  to  a  great  extent  at  least,  be  ascribed  to  the  artificially 
induced  transudation  of  the  blood  plasma  into  the  tissues,  and  are  in  no 
way  due  to  changes  in  the  innervation  of  the  vessels.]  The  valuable  researches 
of  Goltz,  Putzeys  and  Tarchanoff,  Ostroumoft'  and  Heidenhain,  Lepine,  Bern- 
stein and  others  have,  however,  laid  the  foundations  for  future  research  by 
their  demonstration  of  the  peripheral  vaso-motor  nerve  centres  which  lie  in  the 
walls  of  the  vessels.  By  sending  a  stream  of  blood  through  excised  kidneys, 
Mosso  showed  that  the  local  nerve  centres  of  the  vessels,  when  directly  stimu- 
lated, could  produce  local  changes  in  the  calibre  of  the  vessels.  Simultaneously, 
Huizinga  published  some  investigations  of  great  value.  He  divided  all  the 
nerves  of  a  frog's  lower  limb.  If  he  then  injured  the  paralysed  limb,  the 
vessels  of  the  web  dilated,  sometimes  after  a  previous  contraction.  This  could 
only  be  explained  by  the  action  of  the  local  vaso-motor  nerve  centres  on  the 
vessels.  The  i^erii^heral  vaso-motor  nerve  centres  are  capable  of  producing  local 
reactive  circulatonj  disturbances  after  injury,  when  all  their  connections  with  the  nerve 
centres  of  the  brain,  the  spinal  cord,  and  the  sympathetic  have  been  divided. 

(c)  We  learn,  however,  from  the  experiments  of  Goltz,  that  the  excitability 
of  the  peripheral  vaso-motor  apparatus  is  dependent  upon  the  cerebro-spinal 
vaso-motor  centres.  This  dependence  is  shown  by  the  fact  that,  after  the  con- 
nection between  the  two  portions  of  the  nervous  apparatus  of  the  vessels  has 
been  divided,  the  circulation  immediately  becomes  disturbed.  This  condition 
persists  for  a  few  days  only,  and  then  the  peripheral  vaso-motor  centres,  which 
have  been  separated  from  the  cerebro-spinal  centres,  are  so  modified  that  they 
can  now  perfectly  independently  restore  the  blood-stream  in  the  vessels  they 
supply  to  its  normal  condition.  This  recovery,  however,  is  not  complete,  since 
the  peripheral  vaso-motor  apparatus,  which  has  been  separated  from  its  centre, 
shows  many  points  of  difference  in  the  way  in  which  it  reacts  to  injuries. 
Human  pathology  offers  many  illustrations  of  this.  In  many  diseases  of  the 
spinal  cord,  and  in  transverse  compression  especially,  variations  are  found  in  the 
course  of  the  local  circulatory  reaction  to  injury.  Thus,  slight  injuries  may 
cause  excessive  redness  and  congestion  of  the  vessels  in  this  neighbourhood,  or, 
on  the  other  hand,  the  reaction  may  be  comparatively  slight.  It  is  an  open 
question  how  far  such  results  are  due  to  disturbances  of  the  reflex  vascular 
innervation,  and  how  far  to  changes  in  the  excitability  of  the  peripheral  vaso- 
motor centres.  It  is  evident,  however,  that  the  local  circulatory  reaction  after 
injury  depends  upon  the  condition  of  the  cerebro-spinal  vaso-motor  centres,  and 
that  the  peripheral  vaso-motor  nervous  apparatus  may  also  act  independently. 
From  what  has  been  said  above,  it  appears  that  among  the  direct  actions  of 
traumatism,  injury  to  the  nerves  is  of  the  greatest  importance.     This  injury  to  the 
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nerves  at  the  site  of  the  lesion  is  either  a  change  in  the  invisible  molecular 
structure  of  the  nerve  fibres,  or  one  which  can  be  recognised  under  the  micro- 
scope. Each  change  in  the  molecular  structure  of  the  nerve  causes  a  change 
in  its  excitability  which  is  termed  "  nerve  irritation  "  by  physiologists.  This 
irritation  is  frequently  more  or  less  painful,  and  is  perceived  subjectively  as 
pain.  The  disturbance  of  the  innervation  of  the  vessel  wall,  however,  is  to  be 
clearly  distinguished  from  the  sensation  of  pain.  The  former  also  is  partly 
caused  by  the  direct  action  of  the  injury  to  the  vaso-motor  nerve  apparatus 
contained  in  the  injured  area.  The  disturbance  of  vaso-motor  innervation, 
however,  is  seldom  strictly  limited  to  the  area  directly  affected  by  the  injury, 
since  the  nerve  irritation  both  directly  and  reflexly  alters  the  excitability  of 
the  vaso-motor  centres  in  the  walls  of  the  neighbouring  arteries,  and  thus  causes 
the  local  circulatory  reaction.  It  has  already  been  mentioned  that  a  reflex 
general  circulatory  disturbance,  a  transitory  increase  of  pressure  in  the  aorta, 
is  sometimes  caused. 

In  many  cases,  however,  there  are  other  factors  in  the  causation  of  this  local 
reaction,  among  which  the  changes  in  the  pressure  within  the  tissues,  and  the 
disturbances  of  the  molecular  and  histological^  structure  of  the  vessel  walls,  require  to 
be  specially  considered. 

{(l)  The  pressure  which  exists  in  the  parenchyma  of  organs  and  in  the  tissues 
generally,  must  be  attributed  to  the  passage  of  the  constituents  of  the  blood 
plasma  into  the  tissue  spaces — that  is,  to  the  processes  of  transudation  and 
exudation  which  occur  in  all  physiological,  and  in  most  pathological,  condi- 
tions. The  pressure  in  the  tissues  of  the  various  organs  in  the  human  body 
differs  greatly ;  it  is,  as  a  rule,  greater  in  those  that  have  a  firm  capsule,  such 
as  the  kidney  and  the  contents  of  the  cranium.  It  is  probably  less  in  organs 
whose  capsule  is  loose  and  non-resistant,  and  in  the  loose  cellular  tissue  which, 
in  many  cases,  is  interposed  between  organs.  Injury  may  raise  the  pressure 
in  the  tissues  by  causing  changes  which  involve  long-continued  compression,  or 
lower  the  pressure  by  opening  up  the  tissue  spaces  through  solution  of  their  con- 
tinuity, and  thus  providing  free  escape  for  the  tissue  fluids  and  transudations. 
It  not  infrequently  happens,  also,  that  the  firm  capsules  of  the  organs  are  de- 
stroyed or  ruptured.  In  so  far  as  the  tissue  pressure  acts  upon  the  outer  side  of 
the  walls  of  the  vessels,  however,  it  helps  to  maintain  the  equilibrium  of  the 
blood-pressure.  The  lumen  of  the  blood-vessels,  especially  the  capillaries, 
must  therefore  dilate  if  the  tissue  pressure  is  diminished,  and  contract  if  it  is 
increased,  since  the  walls  of  the  vessels  are  elastic.  It  must  further  be  mentioned 
that  the  processes  of  transudation  and  exudation  are  dependent  upon  the  differ- 
ences of  pressure  which  act  on  the  inner  and  outer  sides  of  the  capillary 
wall.  Every  marked  increase  of  this  difference  in  pressure  increases,  Avhile 
every  considerable  diminution  lessens,  the  transudation  and  exudation.  All 
these  factors  necessarily  influence  the  development  of  local  circulatory  reaction 
after  injury.  Inasmuch,  however,  as  the  disturbances  dependent  upon  changes 
in  the  tissue  pressure  vary  greatly,  according  to  the  special  characters  of  the 
injury  and  the  organ  implicated,  they  are  not  of  such  great  general  importance 
as  are  the  disturbances  of  innervation. 

(e)  Among  the  direct  effects  of  injury  more  or  less  definite  changes  very 
frequently  occur  in  the  histological  or  molecular  structure  of  the  vessel  wall.  If 
these  changes  involve  solution  of  continuity  of  the  vessel  wall,  they  give  rise  to 
haemorrhages  into  the  connective  tissue  spaces,  on  the  surface  of  the  wound  and 
into  the  serous  cavities.  These  haemorrhages  have  already  been  discussed  in 
the  beginning  of  the  chapter  as  among  the  first  noticeable  appearances  which 
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may  be  regarded  as  direct  results  of  the  injury.  It  may  occur,  however,  that 
the  vessel  wall  experiences  a  change  in  its  condition,  although  there  is  no 
solution  of  its  continuity,  by  which  it  becomes  more  permeable  and  allows  the 
plasma  to  pass  through  to  the  surrounding  tissues  in  much  greater  quantity. 

Increase  of  the  permeability  of  the  vessel  walls  occurs  both  in  mechanical 
and  thermal  injury.  Toxic  and  infective  agents  especially  have  a  similar  effect, 
as  will  afterwards  be  shown.  Since,  however,  the  plasma  passes  through  to 
the  tissue  in  great  quantity,  it  may  happen  that  the  blood  corpuscles  accu- 
mulate within  the  vessels  to  such  an  extent  that  the  blood-flow  is  arrested. 
The  blood  loses  nearly  all  its  plasma  and  becomes  converted  into  a  dark-red, 
immobile  mass  Avhich  can  no  longer  be  propelled  by  the  vis  a  tergo  of  the 
heart,  but  comes  to  a  standstill  within  the  vessels  (stasis).  If  the  increase 
of  permeability  be  not  so  great,  the  blood-flow  may  not  be  completely  arrested ; 
but  the  blood,  having  lost  a  great  part  of  its  plasma,  is  less  easily  moved,  while 
the  increase  in  its  cells  considerably  heightens  the  internal  frictional  resistance 
in  the  moving  fluid.  The  result  is  a  striking  diminution  in  the  rate  of  flow  of  the 
blood  through  the  injured  area. 

This  diminution  in  the  rate  of  flow  of  the  blood  may  be  considerable  or 
slight.  In  the  former  case  the  vessels  of  the  living  tissues  are  observed  to 
lose  the  normal  division  of  the  blood-stream  into  the  red  aivial  stream  carrying  the  cells, 
and  the  colourless  marginal  zone  of  jjlasma  tvithout  cells.  The  red  blood  cor- 
puscles fill  the  entire  transverse  section  of  the  vessel,  the  white  corpuscles  being 
irregularly  mixed  with  them.  If,  however,  the  diminution  of  the  rate  of  the  blood- 
stream be  only  slight,  the  red  blood  corpuscles  remain  collected  within  the  red 
axial  stream.  By  virtue  of  their  lower  specific  gravitj^,  however,  the  white 
corpuscles  pass  into  the  marginal  plasma  zone  which  has  hitherto  been  free 
from  cells.  A  marginal  arrangement  of  white  cwpuscles  thus  takes  place.  These 
latter  come  into  close  contact  with  the  vessel  Avails,  and  then  pass  through  them 
into  the  neighbouring  tissues — a  process  which  has  been  called  the  emigration  of 
white  corpuscles  (Waller,  Cohnheim).  It  is  not  yet  clearly  determined  as  regards 
the  purely  mechanical  and  thermal  injuries  of  the  vessel  wall,  of  which  we 
are  now  speaking,  whether  the  change  in  the  permeability  of  the  vessel  wall 
is  purely  molecular,  and  consists  exclusively  of  a  disturbance  in  the  arrange- 
ment of  the  invisible  physical  molecules  of  which  we  suppose  the  tissue  of 
the  vessel  wall  to  be  made  up,  without  the  occurrence  of  a  simultaneous  dis- 
turbance of  the  histological  structure.  In  other  similar  processes  histological 
changes  have  been  observed  in  the  endothelium  of  the  vessel  walls,  as  will  be 
learned  from  the  special  consideration  of  the  subject  in  Chapter  VIII.,  and 
it  has  been  proved  that  the  leucocytes  pass  out  bciiceen  the  endothelial  cells 
only.  The  cement  substance  between  the  endothelial  cells  appears  to  be  widened 
as  a  rule. 

Attention  must  here  be  drawn  to  the  fact  that  the  leucocytes  make  their  way 
through  noi-?7ial  vessel  wcdls  in  great  numbers  if,  from  any  cause  whatsoever,  the 
blood-stream  is  so  retarded  as  to  give  rise  to  the  marginal  arrangement  of  the  white 
corpuscles  in  the  blood-stream.  This  is  clearly  proved  by  experiments  on  living 
animals,  as  will  afterwards  be  described. 

It  will  be  observed  that  the  local  circulatory  reaction  caused  by  injury  is  by 
no  means  a  very  simple  phenomenon.  To  superficial  observation  and  to  the 
naked  eye  it  shows  little  that  is  peculiar.  The  injured  part  is  distinguished 
by  redness  and  by  swelling,  the  latter  being  the  result  of  increased  transuda- 
tion which  distends  the  connective  tissue  spaces.  If  to  those  are  added  ptain 
and,  finally,  the  marked  increase  in  heat  which  sometimes  occurs  in  the  injured 
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part  after  injury  to  the  skin,  we  have  all  the  cardinal  symptoms  of  inflammation 
which  were  known  to  the  ancient  Eoman  writers,  viz.  rubor,  tumor,  calor,  dolor. 
The  significance  of  this  conception  of  inflammation  will  be  more  thoroughly 
investigated  in  a  subsequent  chapter,  when  all  the  local  diseases  are  reviewed 
(Chap.  X.)  At  present  it  appears  important  to  point  out  that  heat  (calor)  can 
only  be  demonstrated  on  the  surface  of  the  body,  and  is  always  preceded  by  an 
increase  of  the  flow  of  the  warmer  blood  from  the  heart  through  the  injured 
area.  Oxidation  processes  occur  in  most  tissues,  but  we  have  not  been  able  to 
show  that  they  are  increased  in  the  area  of  a  so-called  inflammatory  focus. 
The  term  inflammation  is  therefore  merely  metaphorical,  and  has  no  demon- 
strable relation  to  the  oxidation  processes  in  the  tissues. 

After  these  considerations  the  question  still  remains  to  be  answered, 
whether  the  local  circulatory  reaction  caused  hy  injury  can  exercise  any  reaction 
on  the  general  circulation.  This  question  may  be  decided  in  the  nega- 
tive for  injuries  of  small  local  extent,  since  the  transitory  augmentations  of 
pressure  after  injuries,  which  have  already  been  mentioned,  are  not  reactions 
due  to  the  local  disturbance,  but  are  the  results  of  the  nerve  irritation  caused 
by  the  injury,  which  produces  reflex  disturbances  of  the  heart  and  blood- 
vessels. 

"When,  however,  the  local  circulatory  reaction  after  injury  extends  over  a  large 
area,  its  reaction  on  the  blood-pressure  in  the  systemic  circulation  may  easily 
be  demonstrated.  If  the  abdominal  cavity  of  a  dog  or  rabbit  be  opened  b\' 
a  small  incision  and  a  coil  of  intestine  drawn  out,  marked  redness  occurs  in 
this  coil  and  in  the  fold  of  mesentery  belonging  to  it.  The  peritoneal  vessels 
are  dilated,  and  the  rate  of  the  blood-stream  in  them  is  considerably  increased. 
This  disturbance  is  limited,  however,  to  the  coil  extracted,  and  a  manometer 
inserted  into  the  carotid  of  the  animal  shows  no  change  in  the  height  of  the 
arterial  pressure.  It  may,  perhaps,  be  assumed  that  some  arteries  will  be  some- 
what contracted  as  a  result  of  the  increased  flow  of  the  blood  to  the  extracted 
coil  of  intestine,  or  that  the  heart  Avill  work  a  little  harder.  A  reaction  in 
one  or  other  sense  cannot,  however,  be  demonstrated,  because  the  local  dis- 
turbance is  too  slight  in  relation  to  the  whole  circulation. 

The  result  is  different,  however,  if  the  abdominal  walls  are  divided  in  their 
entire  length  and  the  greater  part  of  the  abdominal  contents  exposed.  Micro- 
scopically, the  same  changes  as  before  are  seen  in  the  peritoneum,  only  to  a 
very  much  greater  extent.  We  now  find  a  marked  diversion  of  the  blood- 
stream into  the  large  abdominal  arteries.  The  congestion  of  the  latter  is  much 
greater  because  it  is  due  not  merely  to  mechanical  action  of  the  traumatism,  i.e. 
the  traction  on  the  intestines,  but  also  to  the  removal  of  the  pressure  of  the 
abdominal  walls  on  the  blood-vessels,  and  to  the  irritation  of  the  peritoneum 
by  the  action  of  the  air  or  of  the  physiological  salt  solution  which  has  been 
applied  to  the  peritoneum  to  prevent  it  drying.  These  act  together  in  causing 
marked  dilatation  of  the  vessels  and  considerable  increase  in  the  rate  of  flow 
of  the  blood  passing  through  the  branches  of  the  larger  abdominal  arteries. 
The  manometer  fastened  in  the  carotid  of  the  animal  experimented  on  shows 
considerable  diminution  of  pressure  in  this  case. 

C.  Ludwig,  Cyon,  and  Gutsch  were  the  first  to  describe  this  diminution 
of  aortic  pressure  after  the  free  and  long-continued  exposure  of  the  abdominal 
cavity  in  rabbits,  and  I  can  substantiate  these  facts.  Although  Gutsch,  how- 
ever, draws  conclusions  from  these  experiments  on  rabbits  as  to  the  behaviour 
of  the  blood-pressure  after  extensive  incisions  of  the  abdominal  cavity  in  man. 
I  must  raise  the  objection  that  the  same  result  does  not  occur  in  dogs.      I 
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make  this  statement,  not  on  the  strength  of  occasional  observations,  but  from 
a  series  of  123  experiments  on  warm-blooded  animals,  in  thirty-six  of  which  the 
blood-pressure  was  registered  by  manometer  during  microscopic  examination  of 
the  circulation  in  the  mesentery.  After  the  abdominal  cavity  in  dogs  has  been 
freely  opened,  there  is  either  no  fall  at  all  in  the  aortic  pressure,  or  it  passes 
off  in  fifteen  to  thirty  minutes.  In  agreement  with  this  there  is  the  fact  that, 
in  dogs,  the  arteries  of  the  exposed  intestine  again  contract  after  the  prelimin- 
ary dilatation,  even  although  they  never  regain  their  original  calibre ;  and  it 
is  found  in  like  manner  that,  in  dogs,  the  rate  of  flow  in  the  vessels  of  the 
exposed  peritoneum  is  increased  for  only  a  short  time. 

What  course  these  disturbances  take  in  man  has  not  yet  been  closely 
investigated.  As  far  as  regards  naked- eye  observation,  however,  the  peri- 
toneum in  man  behaves  in  much  the  same  way  as  in  dogs,  as  I  learn  through 
the  courtesy  of  my  colleague.  Dr.  Kiistner.  Not  only  does  it  become  red  after 
exposure,  but  it  also  becomes  covered  with  numerous  small  haemorrhages  in  the 
course  of  one-half  to  one  hour.  This  also  applies  to  the  peritoneum  of  the  dog, 
while  in  the  rabbit,  even  after  long  exposure,  the  peritoneum  shows  only  a  few 
haemorrhages. 

These  experiments  show  that  the  reactive  circulatory  disturbances  which 
occur  after  injuries  involving  a  very  large  area,  certainly  tend  to  cause  a  fall  of 
arterial  pressure  and  thus  to  produce  general  circulatory  disturbances.  At 
the  same  time,  however,  we  gather  that  such  a  reaction  cannot  as  yet  be 
demonstrated  with  certainty  in  man.  This  lack  of  experimental  evidence  is 
of  course  due  to  the  fact  that  we  do  not  as  yet  possess  any  reliable  methods, 
free  from  difficulty  and  danger,  for  determining  blood-pressure  in  man. 

After  this  broad  statement  of  the  local  and  general  circulatory  disturbances 
occurring  after  injuries,  it  is  advisable  to  subject  the  local  traumatic  circulatory 
disturbances  to  a  more  exact  microscopical  analysis,  and,  more  especially,  to 
obtain  some  direct  evidence  as  to  the  behaviour  of  the  blood-stream  in  the  capil- 
laries. In  so  doing  we  must  resort  to  experiments  on  living  animals.  These 
reveal  many  new  and  important  facts. 

I.  In  the  first  place,  the,  action  of  ajmrehj  mechanical  injury  will  be  investigated. 

If  the  mouth  of  a  curarised  frog  be  opened,  the  tongue  is  seen  lying  on  its 
floor  as  a  pale,  apparently  anaemic  organ.  If  the  tongue  be  pulled  cautiously 
forward,  the  distribution  of  the  larger  vessels  may  be  recognised  (Fig.  3). 

While  the  tongue  is  being  spread  out,  however,  on  a  suitable  glass  slide, 
and  while  it  is  being  transfixed  with  needles  to  make  it  secure,  the  organ  begins 
to  redden  actively.  Gentle  friction  of  the  tongue  with  the  finger  leads  to 
more  marked  dilatation  of  the  vessels,  so  that  the  finer  arterial  and  venous 
branches  become  visible  and  the  mucous  membrane  assumes  a  diff'use  faint  red 
tint  (Fig.  4). 

(Strong  tension  of  the  tongue  in  the  transverse  direction  should  be  carefully  avoided,  since 
this  compresses  the  veins.  It  is  also  advisable  to  protect  the  tongue,  which  rests  upon  the 
special  glass  slide  which  I  devised,  by  means  of  a  cover-glass,  in  order  to  preserve  it  from 
further  damage.     The  frog  lies  on  its  abdomen. ) 

The  protrusion  of  the  tongue  and  its  extension  on  the  object-glass  act  as 
an  injury,  the  influence  of  which  may  be  considerably  increased  by  mechanical 
friction.  The  local  circulatory  reaction  which  follows  appears  to  the  eye  as 
redness  and  dilatation  of  the  vessels.  The  microscope,  however,  shows  a  vigor- 
ous stream  in  the  dilated  vessels,  and  a  series  of  such  experiments  easily  con- 
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vinces  us  that  the  quantity  of  blood  which  flows  through  the  tongue  in  a  given  time  is 
consiclerahly  increased,  in  2>i'oportion  to  the  severity  of  the  injury  and,  therefore,  to 
the  extent  of  the  vascular  dilatation.  It  is  observed  that,  at  the  same  time,  not 
only  the  blood  in  the  arteries,  but  also  that  in  the  capillaries  and  small  veins, 
shows  more  or  less  distinct  pulsation.  This  is  not  seen  in  the  normal  blood- 
stream. If  the  friction  of  the  tongue  be  repeated  at  long  intervals,  or  if  it  be 
pinched  "with  forceps  or  stimulated  by  the  induced  electric  current,  the  vascular 
dilatation  increases,  sometimes  after  a  slight  preliminary  contraction,  esj^ecially 
in  the  dilated  vascular  network  of  the  tongue  in  which  this  greatly  increased 
quantity  of  blood  is  flowing.  Great  inec^ualities  in  the  rate  of  flow  of  the 
blood-stream  are  to  be  found,  lioweA'er,  in  the  smaller  arterial  branches.  In  most 
of  the  capillaries  the  rate  of  flow  is  increased,  and  so  also  is  that  in  many 
arteries  and  veins.     Although  it  may  be  assumed  that,  under  normal  conditions, 
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Figs.  3  amj  4. — Frog's  tongue  enlarged  three  times,  arteries  marked  A ;  veins,  V.  Fig.  3,  Diagrammatic  repre- 
sentation of  vessels  on  withdrawal  of  tongue  from  mouth.  Fig.  4,  Dilatation  of  the  vessels  after  tongue  has 
been  stretched  on  glass  slide  and  gently  rubbed  with  the  finger. 

the  distribution  of  the  blood  in  the  capillary  areas  of  the  tongue  is  almost 
equal,  or  at  least  shows  no  great  differences,  the  same  does  not  apply  to  the 
tongue  when  extended  on  the  slide.  In  this  case  some  small  contracted 
arterioles  are  always  found  whose  capillaries  are  less  freely  supplied  with  blood, 
and,  apart  from  those  slight  disturbances  in  the  influx  of  blood,  there  are 
always  capillaries  and  veins  among  those  which  are  dilated  in  which  the  stream 
is  slow,  since  the  greater  part  of  the  blood  seeks  the  shortest  route  between  the 
chief  arteries  and  veins.     The  uniform  distribution  of  the  blood  is  disturbed. 

In  those  vessels  in  which  the  stream  is  slowed,  the  phenomenon  of  the  marginal 
position  and  emigration  of  tJie  white  blood  corpuscles  is  developed  with  corresponding 
regularity  (Plate  I.,  Fig.  c).  This  observation  is  worthy  of  note,  since  it  is 
often  observable  immediately  after  the  tongue  is  extended,  even  when  all  fric- 
tion of  the  organ  is  avoided.  From  this  it  would  appear  that  the  marginal 
p)Osition  and  emigration  of  the  white  corpuscles  appear  when  no  other  influence  beyond 
that  of  tlie  vaso-motoi'  disturbance  is  operating. 
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Cohnheim  held  the  opinion  that  a  great  emigration  of  the  white  blood 
corpuscles  was  always  the  result  of  previous  increase  in  the  permeability 
of  the  capillary  walls.  The  conditions  observed  during  the  experiment  do 
not  at  all  justify  such  a  supposition.  Nor  can  we  demonstrate  any  changes 
in  the  permeability  of  the  vessel  walls  by  the  customary  method  of  inject- 
ing the  vessels  with  solution  of  nitrate  of  silver  or  Berlin  blue,  as  will 
afterwards  be  discussed.  As  regards  its  permeability,  the  vessel  wall  has 
shown  itself  unaltered  toward  all  the  known  media  that  can  be  employed  to 
demonstrate  it. 

If  the  experiment  be  continued,  it  is  noted  that,  in  a  short  time,  if  the 
tongue  is  not  further  interfered  with,  the  vessels  contract  slightly.  Simul- 
taneously with  this  the  rate  of  flow  of  blood  in  the  capillaries  and  veins  under- 
goes a  diminution,  which  is  more  marked 
in  the  veins,  since  these  are  almost  as 
much  dilated  as  before.  The  tongue 
itself,  however,  shows  slight  swelling. 
It  ajjpears  thicker  than  before.  This 
is  only  very  slightly  due  to  the  fact  that 
the  blood-pressure  in  the  cajDillaries  has 
also  been  increased  because  of  the  dila- 
tation of  the  vessels,  and  that  the  trans- 
udation has  been  thereby  increased. 
The  chief  cause  is  that  the  extension  of 
the  tongue  hinders  the  flow  of  lymph 
from  the  organ,  even  when  the  precaution 
is  taken  of  placing  the  microscope  and 
glass  slide  obliquely,  so  that  the  tongue 
is  the  highest  part  of  the  body  and  the 
flow  of  the  lymph  is  favoured  by  gravity. 
(For  this  purpose  a  microscope  is  required, 
in  which  the  upper  part  with  the  stage 
can  be  bent  at  an  angle  with  the  stand.) 

In  this  second  period  of  disturbance  the 
slowing  of  tJie  blood-stream  occurs  in  by  far 
the  greater  number  of  the  capillaries  and 
veins.  The  result  is  that  the  marginal 
jjosition  and  emigration  of  the  white  corpuscles 
become  still  more  marked. 

In  about  three  hours,  reckoning  from  the  beginning  of  the  experiment,  the 
veins  also  contract.  The  blood-stream  in  them  again  becomes  accelerated,  the 
marginal  distribution  of  the  leucocytes  in  the  blood-stream  disappears  accord- 
ingly, while,  at  the  same  time,  some  Avhite  blood  corpuscles  are  still  to  be  found 
in  the  walls  of  the  veins  in  the  act  of  emigrating  (PI.  I.,  Fig.  d). 

We  can  also  convince  ourselves  that  at  those  places  through  which  so  many 
white  corpuscles  have  passed,  red  corpuscles  pass  through  in  the  same  manner. 
The  emigrating  white  corpuscles  evidently  widen  the  spaces  between  the  endothelial 
cells  and  so  cause  an  increase  of  the  permeability  of  the  vessel  walls,  which  allows  the  red 
corpuscles  to  ptass  through  also.  This  alteration  can  be  demonstrated  by  the 
injection  of  the  vessel  with  a  0"3  per  cent  solution  of  nitrate  of  silver  at  a 
constant  pressure  of  6  cm.  of  mercury,  and  takes  the  form  of  a  punctiform 
^ndening  of  the  cement  substance  between  the  margins  of  the  endothelial  cells, 
which  is  stained  black  by  the  silver  solution  (Fig.  5). 


Fio.  5.— Two  capillaries  of  the  frog's  tongue  in- 
jected with  nitrate  of  silver  solution,  x600. 
The  capillary  «  from  a  normal  tongue ;  the 
capillary  6  from  one  which  has  been  stretched 
out  for  three  hours  in  the  manner  described 
above. 
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During  the  further  course  of  the  experiment  the  last  traces  of  the  emigration 
disappear  from  the  majority  of  the  veins  and  capiUaries,  because  of  the  increased 
rate  of  the  blood-stream.  As,  however,  the  innervation  of  the  vessels  of  the 
tongue  is  permanently  injured  by  its  extension,  and  a  slight  dilatation  of  the 
vessels  is  maintained,  a  careful  search  will  always  reveal  some  capillaries  and 
veins  in  which  the  stream  is  slowed,  as  a  result  of  the  unequal  distribution  of 
the  blood,  and  where  the  marginal  arrangement  and  emigration  still  go  on  to 
a  limited  extent.  This  condition  remains  unaltered  during  the  first  day. 
Later,  after  some  days,  further  disturbances  certainly  become  noticeable  which 
seem  to  depend  upon  a  great  development  of  fungi  in  the  mucus  which  covers 
the  tongue.  For  this  reason,  it  is  only  the  time  immediately  following  the 
adjustment  of  the  tongue  which  is  of  any  real  importance  as  regards  the  purely 
mechanical  disturbances.  During  this  early  stage  the  changes  described  may  be 
referred  exclusively  to  the  effect  of  the  mechanical  irritation  of  the  nerves  of  the 
tongue,  and  to  the  consequences  of  the  mechanical  tension  of  the  organ.  In 
this  period  fungi  are  neither  more  nor  less  numerous  on  the  surface  of  the 
tongue  than  on  that  of  a  normal  one.  It  is  not  conceivable  that  the  short  time 
required  for  the  adjustment  of  the  tongue  is  sufficient  to  allow  them  to  exert 
any  effect,  especially  if  we  are  convinced  that  the  epithelium  of  the  tongue 
has  been  preserved  intact. 

Tho&e  'purely  mechanical  mjuries  give  rise  to  local  reactive  disturhances  of  the  cir- 
culation, and  this  by  means  of  the  vaso-motor  nervous  apparatus.  This  is  also  con- 
firmed by  the  fact  that  the  same  reddening  is  observed  when  the  tongue  is 
allowed  to  lie  quietly  on  the  floor  of  the  mouth  and  only  small  portions  of  its 
margins  are  irritated  by  pinching  with  forceps.  The  most  remarkable  fact 
obtained,  however,  is  that,  even  in  the  first  stages  of  the  disturbance,  when  the  vessel 
walls  show  perfectly  nm-mal  conditions  as  regards  their  permeability,  a  jnqrginal 
arrangement  of  the  white  blood  corpuscles  in  the  blood-stream  begins,  and  also  an  emigra- 
tion ;  and  that  this  emigration  of  the  leucocytes  makes  the  vessel  wall  so  much  moi'e 
permeable  after  a  time,  that  red  blood  corpuscles  also  pass  out  into  the  tissues. 

It  has  been  said  earlier  that,  in  many  cases,  injuries  may  influence  the 
permeability  of  the  vessel  walls.  The  results  of  such  occurrences,  which  are 
present  in  simple  mechanical  contusions,  may  be  also  very  clearly  traced  in 
thermal  injuries,  such  as  scalds. 

II.  If  the  frog's  tongue  be  stretched  on  a  suitable  glass  slide  and  protected 
by  a  cover-glass  in  the  same  way  as  before,  and  all  unnecessary  mechanical 
irritation  avoided,  and  if  a  small  quantity  of  a  f  per  cent  salt  solution,  heated 
to  58°  C,  be  allowed  to  flow  from  a  pipette  over  the  cover-glass,  a  slight  scald 
is  produced.  The  blood-vessels  of  the  tongue  immediately  dilate  to  a  great 
extent.  The  blood-stream,  accelerated  at  first,  soon  becomes  very  slow,  while, 
at  the  same  time,  the  organ  swells  greatly.  Since  a  great  amount  of  fluid 
transudes  from  the  blood  into  the  tissues,  the  cells  in  the  capillaries  and  veins 
become  very  closely  crowded  together.  Half  an  hour  after  the  scalding  a 
homogeneous,  nearly  immovable  red  column  of  blood,  almost  free  from  plasma, 
is  seen  in  many  capillaries  and  veins  (stasis).  In  the  other  vessels  also  the 
blood  has  very  little  plasma  and  moves  very  slowly,  for  the  obvious  reason 
that  the  loss  of  plasma  from  the  blood  considerably  increases  the  internal  fric- 
tional  resistance  to  the  blood-stream.  At  the  same  time  many  red  corpuscles, 
together  with  a  few  leucocytes,  also  pass  from  the  vessels  into  the  tissues 
(diapedesis.  Fig.  6).     Here  they  form  punctiform  haemorrhages  or  ecchymoses. 

This  experiment  shows  that  thermal  injury  cdso  causes  dilatation  of  the  vessels, 
but,  at  the  same  time,  so  increases  the  permeability  of  the  vessel  walls,  that  the  loss  of 
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2)lasma  makes  it  more  difficult  for  the  blood  to  flow,  and  gives  rise,  first  to  slowing 
and  then  to  arrest  of  its  current.  The  increase  of  the  permeability  of  the  vessel  wall 
is  further  manifested  by  the  great  diapedesis  of  the  red  blood  cells  into  the  tissues. 

It  is  possible  to  cause  still  more  marked  disturbances  by  the  application 
of  heat  without  directly  producing  local  death. 

If  the  anterior  third  of  the  frog's  tongue  which  is  stretched  upon  the  glass 
slide  be  dipped,  uncovered,  into  a  f  percent  salt  solution  at  53°  C,  an  excessive 
dilatation  of  all  the  vessels  throughout  the  entire  tongue  follows  almost  imme- 
diately, and  this  vascular  dilatation  reaches  its  maximum  in  the  scalded  area. 
The  microscope  shows,  after  a  cover-glass  has  been  put  on,  that  a  moderate 
acceleration  of  the  stream  occurs  at  the  same  time.  This  lasts  for  a  very  short 
time,  however,  within  the  area  of  the  direct  action  of  the  injury,  viz.  the  anterior 
third   of  the  tongue.       The  blood-stream   is  slowed   soon   afterwards  by   the 


Fig.  6.— Frog's  tongue  after  a  slight  scald. 
Dilatation  of  vessels  (ecchymoses).  A, 
arteries  ;  V,  veins,     x  3. 
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Fig.  7.  —  Condition  of  frog's  tongue 
twenty -four  hours  after  severe  scald 
of  the  anterior  third  of  the  tongue,  x  3. 


increasing  dilatation  of  the  vessels,  and  the  blood  in  the  capillaries  rapidly  loses 
its  plasma.  Three  hours  afterwards  a  motionless  red  column  of  blood,  almost 
homogeneous  and  nearly  free  from  plasma,  is  to  be  found  in  many  of  the  vessels 
of  the  anterior  third  of  the  tongue ;  only  a  very  slight  diapedesis  of  the  red 
blood  corpuscles  from  the  vessels  can  be  seen. 

Twenty-four  hours  later  the  tongue  has  the  appearance  represented  in  Fig. 
7.  The  blood-vessels  of  the  anterior  third  are  congested  and  an  influx  of 
blood  to  this  part  from  the  arteries  can  be  demonstrated.  In  the  capillaries 
and  veins,  however,  the  homogeneous,  red  column  of  blood  without  plasma  has 
come  to  a  standstill.  The  posterior  portion  of  the  tongue  shows  active 
circulation.  Between  the  anterior  and  posterior  portions  there  is  a  narrow,  pale 
zone,  within  the  area  of  which  the  arteries  and  veins  are  unusually  strongly 
contracted. 

In  this  experiment  also  there  is,  as  a  result  of  the  scald,  in  addition  to 
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extreme  dilatation  of  the  vessels,  a  considerable  increase  of  the  permeability  of 
the  vessel  wall  -which,  in  a  very  short  time,  deprives  the  blood  in  the  capillaries 
of  all  its  plasma,  and  so  brings  the  movement  of  the  blood  to  a  standstill.  It 
appears,  however,  that  the  diapedesis  of  the  red  corpuscles  from  the  vessels  is, 
in  this  case,  relatively  slight,  although  the  severe  character  of  the  injury 
induced  is  shown  by  the  fact  that  the  anterior  third  of  the  tongue  necroses  in 
consequence  of  the  continued  stasis  of  the  blood,  and  sloughs  off  after  a  few 
days.  Here  for  the  first  time  we  are  met  by  the  fact,  which  will  afterwards 
repeatedly  be  mentioned,  that  the  increase  in  the  permeability  of  the  walls  of  the 
vessels,  which  is  so  extremely  important  in  many  pathological  processes,  shows  not 
only  (quantitative  hid  also  qualitative  cJuniges. 

In  spite  of  the  severe  injury,  the  vessel  walls  in  this  experiment  prevented 
the  egress  of  the  red  corpuscles,  which  in  the  earlier  experiments  reached  the 
tissues  in  great  numbers. 

According  to  these  experiments  direct  damage  to  the  vessel  wall  may  not  in- 
frequently be  demonstrated  in  mechanical  and  thermal  injuries,  as  well  as 
the  vaso-motor  disturbance.  The  former  is  certainly  very  much  less  import- 
ant in  all  purely  mechanical  injuries.  Direct  damage  to  the  vessel  walls 
is  of  great  importance  in  such  cases  only  as  are  complicated  by  solution  of  con- 
tinuity and  exposure  of  the  deep  parts.  In  addition  to  the  mechanical  action 
of  the  trauma  there  is,  in  this  case,  also  the  action  of  the  chemical  influence  of 
the  air,  evaporation,  the  disintegration  products  of  the  shed  blood  and  any 
foreign  fluids  with  which  the  tissue  may  come  in  contact.  We  may  be  uncer- 
tain whether  these  actions  are  to  be  called  toxic,  but  in  any  case  we  have  to  deal 
with  chemical  influences  Avhich  are  so  frequently  present  in  injuries  that  they 
cannot  be  overlooked.  Their  actions  may  be  easily  studied  by  exposing  the 
peritoneum. 

III.  Cohnheim's  very  important  observations  were  made  on  the  mesentery 
of  the  frog,  but  it  seems  more  suitable  to  trace  the  same  processes  in  warm- 
blooded animals,  since  the  improved  methods  of  investigation  now  enable  this 
to  be  done.  I  pointed  out,  long  ago,  that  results  could  be  obtained  in  this 
way  which  agreed  with  Cohnheim's  in  all  essential  points,  and  the  experiments 
already  mentioned  as  to  the  behaviour  of  the  blood-pressure  after  opening  the 
abdomen  make  this  more  specially  desirable. 

After  a  warm-blooded  animal  has  been  curarised  and  artificial  respiration 
set  going,  if  a  coil  of  intestine  be  drawn  through  a  small  abdominal  wound  and 
examined  under  the  microscope  by  suitable  arrangements,  it  is  noted  that  the 
course  of  the  local  circulatory  disturbance  is  completed  in  the  same  manner  as 
in  the  frog's  tongue.  As  a  rule,  however,  the  transient  contraction  of  the  vessels 
does  not  appear  either  at  the  beginning  of  the  experiment  or  at  any  subsequent 
interference  with  the  mesentery.  The  mesenteric  vessels  react  by  immediate 
and  great  dilatation. 

The  appearance  presented  by  the  blood-stream,  magnified  340  times,  is 
represented  in  Plate  I.,  Fig.  a.  Here  we  have  a  capillary  and  a  small  vein.  In 
both,  the  moving  blood  is  divided  into  a  red  axial  stream  and  a  colourless 
marginal  area  free  from  corpuscles.  The  great  rapidity  of  the  flow  makes  it 
impossible  to  recognise  the  individual  blood  corpuscles  in  the  blood-stream. 
These  are  all  collected  in  the  red  axial  stream,  which  presents  the  appearance 
of  a  homogeneous,  red,  transparent  cylinder.  This  figure  is  drawn  from  a 
rabbit,  but  in  the  dog  also  the  condition  found  at  the  beginning  of  the 
experiment  is  essentially  similar.  Further  examination  of  the  extended 
mesentery  shows  that,  just  at  tJie  hegimiing  of  the  experiment,  there  are  in  nearly 
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all  cases  some  capillaries  and  small  venous  radicles  present  in  tchich  the  stream  is 
slowed,  and  there  is  a  marginal  arrangement  and  emigration  of  white  blood  corjmscles 
exactly  coiresponding  to  the  description  given  of  the  frog's  tongue.  As  in  the  frog's 
tongue,  the  presence  of  some  capillaries  and  veins  with  a  slow  stream,  in  the 
midst  of  the  general  acceleration,  is  explained  by  the  inequalities  in  the  dis- 
tribution of  the  blood.  It  would  unhesitatingly  be  called  a  remarkable  and 
very  inexplicable  phenomenon,  if  the  distribution  of  the  blood  in  the  capillaries 
were  uniform  when  the  circulation  is  so  markedly  affected,  and  if  among 
the  mass  of  capillaries  in  which  the  stream  is  accelerated  there  were  none 
in  which  the  current  was  slowed.  As  will  be  shown  later  in  greater  detail, 
the  slowing  of  the  blood -stream  explains  the  phenomenon  of  the  marginal 
arrangement  of  the  leucocytes  and  their  subsequent  emigration  from  the 
vessels. 

In  spite  of  this,  we  cannot  assert  here  with  the  same  certainty  as  in  the 
case  of  the  frog's  tongue,  that  the  migration  takes  place  through  vessel  walls 
which  may  be  described  as  perfectly  normal  so  far  as  their  permeability  is  con- 
cerned. The  mesentery  is  such  a  delicate  membrane  that  it  soon  dries  and 
thus  becomes  altered,  unless  it  be  kept  moist.  If  it  be  moistened  with  a  |  per 
cent  salt  solution,  or  with  a  so-called  neutral  fluid,  the  objection  must  be 
allowed  that  these  fluids  may  themselves  be  not  entirely  without  effect.  I 
have  tried  many  such  fluids,  but  have  not  found  any  grounds  for  a  satis- 
factory reply  to  this  objection,  which  I  therefore  acknowledge  to  be  quite 
justified.  It  must  therefore  be  allowed  that  in  these  experiments  primary 
changes  may  occur  in  the  permeability  of  the  vessel  walls.  In  the  first 
few  moments  after  the  mesentery  is  spread  out,  they  are,  however,  apparently 
of  little  importance. 

As  has  already  been  mentioned,  the  appearances  presented  by  the  mesentery 
of  the  rabbit,  when  followed  through  their  later  stages,  are  not  further  altered 
in  any  essential  way.  The  only  changes  are,  that,  after  a  time,  some  red  cor- 
puscles pass  out  at  those  points  where  numerous  leucocytes  have  left  the  vessels, 
and  that  a  scarcely  perceptible  slowing  of  the  blood -stream  occurs.  This 
slowing  may  be  due  to  a  slight  reduction  of  the  dilatation  of  the  vessels,  too 
small  to  be  measured  by  the  micrometer,  or  to  the  already  mentioned 
changes  in  the  pei'meability  of  the  vessel  walls,  which  give  rise  to  diminution 
of  the  plasma  in  the  capillaries.  The  increase  of  the  internal  frictional  resist- 
ance in  the  moving  column  of  blood  thus  produced  might  then  account  for 
the  slo^ving  of  the  stream.  I  have  attempted  to  modify  any  action  Avhich 
the  salt  solution  might  exert  by  laying  cover-glasses  with  raised  rims  on  the 
surface  of  the  mesentery  over  which  the  solution  flows,  but  without  any  material 
result,  since  the  fluid  usually  continues  to  flow  even  under  the  cover-glasses. 

In  the  dog,  however,  the  innervation  of  the  vessels  of  the  mesentery  is  mani- 
festly different.  Within  a  short  time  after  the  mesentery  has  been  adjusted, 
moderate  contraction,  first  of  the  arteries  then  of  the  veins,  succeeds  the 
initial  dilatation  of  all  the  vessels.  Since  the  arterial  contraction  predominates, 
the  stream  in  the  capillaries  and  veins  is  accordingly  slowed,  and  a  very  dis- 
tinct marginal  arrangement  and  emigration  of  the  white  corjDUScles  takes  place 
(PI.  I.,  Fig.  b,  X  340). 

Later,  the  emigration  of  the  white  corpuscles  is  accompanied  by  the  passage 
of  red  corpuscles  through  the  vessel  walls.  Here  also  we  can  convince  ourselves 
that  the  red  corpuscles  always  piass  through  at  the  spots  where  the  leucocytes  have 
previously  left  the  vessel.  The  emigration  of  the  leucocytes,  therefore,  increases 
the  permeability  of  the  vessel  walls  in  this  case  also   in  the  course  of  time. 
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It  may  occasionally  be  observed  that,  at  one  or  other  of  those  sj^ots  where  a 
great  migration  of  leucocytes  has  occurred,  whole  streams  of  blood  suddenly  pass 
into  the  tissue  and  form  punctiform  haemorrhages  or  ecchymoses,  visible  to  the 
naked  eye.  The  opening  in  the  vessel  wall  suddenly  shuts  again  behind  the 
blood-stream,  sometimes  grasping  several  red  cells  in  the  opening,  and  some- 


times  in  such  a  way  that,  even  with  the  highest  power  of  the  microscope, 
no  trace  of  an  alteration  can  be  perceived.  In  the  first  case  the  haemorrhage 
may  recur.  By  the  occurrence  of  these  ecchymoses  simultaneously  at  many 
points,  the  mesentery  under  observation  becomes  thickly  beset  with  countless 
red  specks  of  blood  within  one  or  two  hours  from  the  beginning  of  the  experi- 
ment, as  may  be  seen  by  the  naked  eye.  In  the  meantime,  if  the  mesentery  is 
protected  by  a  cover-glass,  the  fluid  constituents  of  the  blood  are  observed  to 
appear  on  the  surface  of  the  membrane.     This  fluid  which  comes  from  the 

blood  is  coagulable  and  forms 
fibrin,  which  is  partly  gela- 
tinous, partly  fibrillated.  It 
is  distinguished  from  normal 
transudation  by  this  tendency 
to  coagulation.  It  is,  how- 
ever, chiefly  the  cellular 
elements  of  the  blood  in  the 
transuded  fluid  which  cause 
this  tendency.  The  blood 
cells  found  in  the  fluid  which 
appears  on  the  peritoneal 
surface  are  relatively  few  in 
the  experiments  on  rabbits, 
but  in  dogs  they  are  in  con- 
siderable quantity  and  are 
mostly  leucocytes. 

It  has  been  shown  that 
leucocytes  may  also  pass 
through  unaltered  vessel 
walls,  so  that  no  co7iclusion 
can  be  drawn  as  to  a  change 
in  the  vessel  wall  from  their 
presence  in  fluids  xvhich  have 
passed  out  from  the  blood-vessels, 
or,  therefore,  from  the  coagula- 
bility of  those  fluids.  Chemical  analysis,  however,  proves  that  the  fluid  which 
has  passed  out  is  unusually  rich  in  solids  in  solution — an  observation  which, 
as  will  afterwards  be  discussed  more  fully,  warrants  the  conclusion  that,  in 
all  probability,  the  permeability  of  the  vessel  wall  is  increased.  A  change  in 
the  vessel  wall  was,  besides,  to  be  expected  from  the  nature  of  the  experiment, 
as  a  result  of  the  direct  action  of  the  air,  or  of  the  salt  solution  used  to  prevent 
it,  and  this  may  be  demonstrated  microscopically,  after  injection  of  the  blood- 
vessels with  nitrate  of  silver,  as  punctiform  dilatations  of  the  cement  substance 
between  the  endothelial  cells  of  the  intima  (Fig.  8).  This  cement  substance  is 
evidently  the  most  sensitive  and  easily  altered  constituent  of  the  endothelium 
of  the  vessels,  and  special  attention  should  therefore  be  paid  to  it.  Xo  changes 
in  the  endothelial  cells  themselves  which  might  aft'ect  the  permeability  of  the 
vessel  walls  have  been  recognised  up  till  now. 


Fig.  S. — Two  small  veins  from  the  mesentery  of  the  dog  injected 
with  nitrate  of  silver  and  gelatine,  and  stained  with  Grenacher's 
borax  carmine,  a,  normal  condition  of  vessel  wall ;  &,  condition 
of  vessel  wall  one  and  a  half  hours  after  mesentery  has  been 
spread  out  and  extensive  emigration  of  leucocytes  has  taken 
place.    X  250. 


CHANGES  IN  TISSUES  31 

After  this  investigation  of  the  action  of  injury  on  the  nerves  and  blood- 
vessels, the  changes  which  injuries  produce  in  these  tissues  which  contain 
the  nerves  and  vessels  remain  to  be  considered.  The  tissue  which  lies  between 
the  vessels  and  nerves  may  be  termed  simply  parenchyma  {Gh-undgewehe),  since, 
in  general,  it  forms  the  main  part  of  the  organs  and  determines  their  special 
function. 

After  injury  parenchyma  undergoes  many  secondary  changes  which  are  the 
result  of  the  disturbance  of  innervation  and  circulation  already  discussed. 

The  disturbance  of  innervation  occasioned  by  injuries  impairs  the  function 
of  an  organ,  and  thus,  as  a  rule,  also  its  nutrition,  which  has  a  certain 
correlation  with  the  function,  as  will  be  more  thoroughly  discussed  later. 
Samuel,  Charcot,  and  Erb  have  assumed  the  existence  of  trophic  nerves  which 
directly  govern  the  nutrition  of  the  tissues.  It  certainly  would  seem  that 
the  results  ascribed  to  the  lesions  of  the  trophic  nerve,  would  be  more  easily 
explained  as  disturbances  of  the  regulation  of  the  tone  of  the  peripheral  vaso- 
motor nerve  centres.  The  question  is  an  open  one,  however,  and  it  is  not 
possible  to  give  a  final  opinion  about  the  changes  to  which  traumatic  lesions 
of  the  nerves  give  rise.  This  point  will  be  referred  to  again  when  the  diseases 
of  the  nerves  are  specially  considered. 

The  great  distension  of  the  connective  tissue  spaces  with  exuded  con- 
stituents of  the  blood  has  already  been  mentioned  as  a  consequence  of  the 
local  circulatory  reaction  after  injury.  It  was  also  mentioned  that  these 
reactions  might  lead  to  stasis  and  even  to  local  death  of  tissue.  In  most 
cases,  however,  the  circulatory  disturbance  after  injury  simply  produces  a 
disordered  function  of  the  organ — a  fact  which  leads  to  the  addition  of  a 
fifth  cardinal  symptom  of  inflammation,  i\\Q  functio  Icesa. 

Similar  disturbances  of  function  are,  however,  not  infrequently  dependent 
upon  direct  primary  changes  to  which  the  injury  gives  rise  in  the  jxirenchyma. 
The  primary  changes  are,  for  the  most  part,  merely  temporary,  inasmuch  as 
they  can  be  recovered  from.  Occasionally,  however,  they  are  more  serious, 
and  cause  local  death  of  tissue  (necrosis).  Local  death  or  necrosis,  whether 
it  be  the  primary  or  secondary  result  of  the  injury,  leads  either  to  sloughing  or 
absorption  of  the  necrosed  portion,  according  to  the  conditions  under  which  the 
necrosed  tissue  is  placed.  It  may  also  occur  that  the  piece  of  necrosed  tissue 
becomes  encapsuled  by  a  zone  of  fibrous  tissue.  The  result  of  this  is  the  same 
as  would  have  been  produced  by  an  actual  loss  of  tissue.  Such  a  loss  of  tissue 
ma}''  also  be  directly  produced  by  injury.  /?i  whatever  way  the  loss  may  have 
arisen,  however,  it  results  in  a  new  formation  of  tissue.  This  is  usually  called 
a  regenerative  process,  or  regeneration,  even  when  the  place  of  the  highly 
specialised  tissue  of  an  organ  which  has  been  destroyed  is  filled  up,  mostly 
or  entirely,' by  connective  tissue  containing  vessels  and  nerves. 

To  regard  such  a  new  formation  of  tissue  as  a  regenerative  process  is  a 
true  enough  explanation,  but  one  which  states  merely  that  the  form  and 
perhaps  the  function  of  the  tissue  is  reproduced.  Weigert  has  manifestly 
laid  too  much  stress  on  this  explanation.  At  the  same  time,  however,  he  has 
done  good  service  in  opposing  Virchow's  theory,  in  which  he  credits  the 
tissues  and  cells  Avith  a  "  formative  irritability  "  independent  of  previous  loss 
of  substance ;  or,  in  other  words,  with  the  power  of  responding  by  new ' 
formation  of  tissue  to  the  most  different  actions  of  the  external  world.  In  so 
far  as  these  external  actions  or  irritations  proceed  from  injury  Virchow's 
doctrine  bears  on  the  present  subject  and  must  not  be  overlooked. 

"  Irritability "  in  the  sense  used  by  Virchow  is  a  property  of  the  living 
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cell  From  what  has  been  said  above,  it  will  be  manifest  that  at  present  this 
proj)erty  cannot  be  thoroughly  explained,  since  the  vital  process  is  essentially 
an  unanswered  enigma.  Scientific  investigation  has  as  yet  failed  to  discover 
the  fundamental  causes  of  the  phenomena.  It  has  only  been  able  to  set  itself 
the  task  of  deciding  by  inductive  methods  the  conditions  on  Avhich  the  natural 
phenomena  are  dependent.  This  is  true  of  pathology  also.  The  question 
should  therefore  now  be  investigated  whether  injuries  are  capable  of  giving  rise 
to  new  formation  of  tissue  when  there  has  been  no  previous  loss  of  tissue, 
and  therefore  when  the  assumption  of  a  "regeneration"  cannot  be  allowed. 

A  callosity  furnishes  an  example  of  this.  If  the  skin  of  a  hand-labourer  be 
examined,  considerable  thickening  of  the  rete  JNIalpighi  and  the  epidermis  ^\^S\. 
be  found  at  those  points  of  the  surface  on  which  the  tool  employed  presses 
during  work.  The  growth  of  such  thickenings  may  be  easily  traced  in  a  hand 
which  performs  hard  mechanical  work  for  the  first  time.  The  unavoidable 
pressure  and  friction  on  the  portions  of  skin  already  mentioned  give  rise,  in  the 
first  place,  to  congestion  of  the  vessels  of  the  skin  in  the  region  of  the  invisible 
injury — a  local  circulatory  reaction  which  may  increase  until  the  fluids  which 
pass  out  of  the  blood-vessels  produce  vesicles  in  the  rete  Malpighi.  A  single 
injury  of  this  kind  passes  off  in  time  without  leaving  a  trace.  If  it  is  fre- 
quently repeated  at  short  intervals  "odthout  going  on  to  form  vesicles,  the 
epidermis  is  thickened  by  an  active  new  formation  of  cells  in  the  rete  Malpighi. 
It  is  both  possible  and  likely,  although  not  easily  proved,  that  even  the  first 
injury  of  this  kind  excites  the  proliferation  of  the  cells  in  the  rete  Malpighi. 
Frequently  repeated  injuries,  however,  have  always  a  distinct  action.  They 
give  rise  to  a  local  new  formation  of  cells  which  takes  the  form  of  a  thickening 
of  the  rete  Malpighi  and  the  overlying  layers  of  the  epidermis — that  is,  a 
callosity. 

It  is  apparent  from  this  that  injuries  may  be  followed  by  neiv  fm-mation  of  tissue, 
even  although,  in  the  absence  of  any  loss  of  substance,  regenerative  processes  may  be 
excluded  with  certainty.  In  those  new  formations  of  tissue  which  are  of  trau- 
matic origin,  however,  the  local  circulatory  reactions  are  of  special  importance. 

The  marked  congestion  of  the  capillaries  within  the  area  of  injury  brings 
a  more  plentiful  supply  of  nutriment  to  the  connective  tissue  spaces  in  the  form 
of  the  fluid  constituents  of  the  blood  which  have  escaped  from  the  capillaries. 
A  similar  excess  of  nutriment  in  the  tissues  is  found  in  venous  congestion, 
and  in  such  cases,  if  long  continued,  invariably  leads  to  over-nutrition  and  to 
neAV  formation  of  tissue.  For  example,  in  congestion  of  the  pulmonary  vein 
a  considerable  increase  in  the  proliferation  of  the  epithelium  of  the  alveoli 
of  the  lung  can  always  be  demonstrated,  even  although  no  local  irritation  what- 
ever act  upon  them.  We  are  therefore  fully  justified  in  regarding  repeated 
circulatory  reactions  after  injuries  as  an  important  factor  in  the  causation  of 
callosities,  and  in  stating  that  the  over-nutrition  due  to  the  increased  flow  of  lyrnpih 
plays  an  important  part  in  the  new  formation  of  tissue.  But  we  must,  at  the  same 
time,  allow  that  in  these  results  no  satisfactory  reason  has  as  yet  been  given 
Avhich  can  directly  refute  Virchow's  assertion.  If  injuries  may  directly  serve 
as  a  formative  stimulus  to  the  protoplasm,  independent  of  loss  of  tissue,  we 
may  suppose  such  a  process  to  operate  in  this  case.  There  is,  however,  no 
scientific  foundation  for  such  a  supposition. 

On  the  other  hand,  the  connection  between  reaction  of  the  circulation  to 
injury  and  new  formation  of  tissue  appears  in  many  other  circumstances.  It 
was  noted  above  (p.  19)  that,  after  transverse  section  of  the  spinal  cord,  the 
local    circulatory  reactions   produced    by   injury  to    the    paralysed    parts  are 
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frequently  exceedingly  slight.  In  such  cases  when  any  ulcer  forms,  new  tissue 
is  very  late  in  appearing  and  slow  in  developing.  A  similar  observation  is  made 
in  all  the  so-called  atonic  ulcers — that  is,  in  all  ulcers  in  the  walls  of  which  the 
circulatory  reaction  is  very  feeble,  from  any  reason  whatever.  On  the  other 
hand,  it  is  known  that  any  loss  of  tissue  cicatrises  very  rapidly  in  all  highly 
vascular  parts. 

There  can  he  no  doubt,  therefore,  that  circulatory  reaction  after  injury  favours, 
perhaps  even  causes,  the  new  formation  of  tissue.  We  shall  afterwards  examine 
how  the  details  of  this  process  are  carried  out.  It  is  sufficient  at  present  to 
point  out  that,  in  the  immediate  vicinity  of  the  parts  where  the  tissue  has  been 
divided  or  removed,  not  only  do  the  cells  of  the  tissue  generally  enlarge  and 
divide,  thus  giving  rise  to  new  masses  of  tissue,  but  the  same  processes  occur  in 
the  elements  of  the  vessel  walls  and  the  nerves.  The  new  formation  of 
capillaries  which  accompanies  the  process  is  of  specially  great  importance,  since 
it  is  dependent  in  a  most  remarkable  way  upon  the  increased  influx  of  blood, 
and  since  these  capillaries  are  able,  on  their  part,  to  form  connective  tissue  on 
their  external  aspect,  at  first  in  the  form  of  an  adventitious  coat. 

If  we  follow  the  processes  in  healing  of  wounds  and  losses  of  substance 
further,  we  observe,  however,  that  the  new  formation  ceases  in  the  great 
majority  of  cases  as  soon  as  the  destroyed  tissue  is  rej^laced  by  new  tissue.  The 
process,  which  usually  terminates  at  this  point,  is,  only  in  exceptional  cases, 
carried  further,  in  those  cases,  namely,  where  reactive  circulatory  disturbance 
is  kept  up  in  the  region  of  the  injury  for  a  long  time.  This  occurs,  for  example, 
in  repeated  injuries,  in  the  healing- in  of  septic  foreign  bodies,  or  in  other 
comijlications  by  toxic  and  infective  processes.  This  is  not  surprising  after 
what  was  learned  of  callosities.  Nevertheless,  it  is  a  general  rule  that  new 
formation  of  tissue  ceases  when  the  defect  is  made  good.  This  cessation  of  the 
process  of  tissue  formation  can  be  explained  by  the  results  which  have  been 
obtained  after  transplantation  of  pieces  of  tissue.  After  complete  separation 
from  its  original  connections  a  piece  of  tissue  can  unite  with  a  new  part,  provide 
itself  anew  with  vessels  and  nerves,  and  even  grow  and  increase  in  size.  But 
this  new  tissue  has,  as  a  rule,  a  short  existence.  After  weeks  or  months  it 
undergoes  involution,  not  infrequently  disappearing  altogether.  It  appears 
that  a  tissue  may  prolong  its  existence  for  some  time,  if  it  is  furnished  with 
sufficient  vessels  and  nerves,  but  that  it  vanishes  when  it  remains  permanently 
functionless.  A  close  relation  manifestly  exists  between  the  nutrition  and  function  of 
tissues.  This  relation  also  causes  the  new  formation  of  tissue  after  injuries 
and  losses  of  substance  to  cease  as  soon  as  the  defect  is  filled  up. 

This  relation  between  nutrition  and  function  cannot  be  more  thoroughlj^ 
explained.  It  may  be  observed  in  the  most  various  forms  of  vital  processes. 
If,  therefore,  we  describe  the  new  formation  of  tissue  in  the  margins  of  a  healing 
wound  as  a  regeneration,  we  mean  that  this  new  formation  of  tissue  does  not 
extend  beyond  those  limits  which  are  determined  by  the  relation  between 
the  nutrition  and  the  function  of  the  part.  We  may  still  adhere  to  this 
opinion,  even  if  it  is  pointed  out  that  the  tissue  which  replaces  that  which  has 
been  removed  does  not  completely  reproduce  the  structure  of  the  lost  portion 
of  tissue,  and,  therefore,  can  fulfil  perhaps  only  a  small  part  of  its  function. 

This  concejDtion  of  the  regenerative  processes  does  not  exclude  the  fact  that 
the  new  formation  of  tissue  is  caused  and  determined  by  over-nutrition  of  the 
parts  due  to  the  local  circulatory  reaction.  If,  however,  we  descend  in  the  scale 
of  animal  life  until  we  reach  a  class  which  shows  no  vascular  system,  it  will  be 
more  clearly  seen  that  each  loss  of  substance  is  regenerated  more  or  less  com- 
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pletely  under  conditions  from  which  we  must  assume  tliat  it  is  the  loss  of 
substance  of  itself  tchich  dlredhj  determines  the  neiv  formation  of  tissue.  This  is  the 
conception  of  regeneration  in  the  sense  used  by  AVeigert.  It  is  true  that  it  is 
based  upon  vital  properties  of  the  cell  which  are  difficult  to  define  and  which 
are  essentially  unknown,  but  it  embodies  a  conception  of  the  causes  of  new 
formation  of  tissue  which,  in  certain  cases,  is  undoubtedly  justified. 

While  recognising  this  conception,  we  should  always  remember  that  it  is 
possible  to  regard  the  removal  of  any  tissue  as  an  irritation  in  the  sense  used  by 
Virchow — that  is,  as  something  which  stimulates  the  formative  activity  of  the 
cells,  for  Yirchow  has  given  the  idea  of  irritation  a  very  wide  meaning.  His 
view  has  the  further  advantage  of  embracing  those  cases  in  which  injury  gives 
rise  to  proliferation  of  the  cells  without  previous  loss  of  substance.  Of  course 
it  does  not  follow  from  this  that  this  theory  is  correct. 

It  must  remain  an  open  question,  however,  whether  injury  or  other  external 
agencies  can  exert  a  formative  irritation,  directly  and  immediately  on  living 
protoplasm.  In  lower  organisms  which  show  no  vascular  system,  the  injury 
might  only  give  rise  to  the  new  formation  of  tissue  by  means  of  a  flow  of  lymph 
to  the  injured  part.  The  theories  which  have  just  been  discussed  deal  with 
such  general  ideas  that  they  can  hardly  be  tested  experimentally.  The  informa- 
tion they  afford  is  accordingly  comparatively  meagre. 

All  that  we  can  affirm  as  actually  certain  is  that  circulatory  disturbances, 
venous  congestion  for  instance,  might,  by  the  increased  provision  of  nutrient  fluids 
from  the  blood,  cause  over-nutrition  of  the  tissues,  and  that  this  over-nutrition 
may  be  followed  by  new  formation  of  tissue,  even  without  the  intervention  of 
any  external  agencies  which  might  be  called  irritations.  It  might  be  pointed 
out,  in  the  same  way,  that  the  reactive  circulatory  disturbance  which  occurs 
after  injury,  contains  all  the  elements  necessary  to  give  rise  to  over-nutrition 
and  new  formation  of  tissue. 

Therefore,  if  we  acknowledge  the  great  importance  of  traumatic  circulatory 
reaction  as  regards  the  new  formation  of  tissue  also,  we  arrive  at  a  very 
simple  conception  of  the  manner  in  which  the  changes  which  occur  after 
injuries  are  produced.  Simple  injury,  uncomplicated  by  either  toxic  or 
infective  influences,  takes  the  form  of  a  disturbance,  local  in  the  first  instance, 
of  the  nerves,  blood-vessels,  and  other  tissues  of  the  affected  part  of  the  body, 
and  caused  by  external,  mechanical,  or  thermal  agencies,  and  this  disturbance 
brings  a  series  of  reactive  phenomena  in  its  train,  if  it  does  not  cause  immediate 
death.  Among  the  primary  disturbances,  however,  the  most  invariable  and 
important  is  the  disturhance  of  innervation,  which  exerts  a  definite  influence  on 
the  course  of  all  the  reactive  phenomena  and  gives  rise,  especially,  to  the  most 
essential  features  of  the  reactive  circulatory  disturbance.  This  disturbance 
can  originate  new  formation  of  tissue  which  may  occur  independently  of  solution 
of  continuity,  but  which  induces  healing  where  there  is  solution  of  continuity. 
It  must,  however,  remain  undecided  whether  injury  can  directly  excite  the 
cells  to  new  formation  of  tissue  without  the  intervention  of  over-nutrition. 
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CHAPTEE    III 

INTOXICATIONS    AND    POISONS 

An  "  intoxication "  has  been  already  defined  as  a  "pathological  disturbance, 
caused  hy  the  absorption  into  the  body  of  chemically  active  svbstances,  the  effect  of 
which  stands  in  a  definite,  but  by  no  means  cdioays  proportionate  relation  to  the  quantity 
of  the  substance  a.bso^'bed. 

The  study  of  this  subject  is  obviously  of  great  practical  importance.  It  is 
also  of  great  general  interest,  particularly  from  the  etiological  standpoint. 

This  is  specially  true  of  the  views  which  have  been  held  with  regard  to 
inflammation,  which  have  for  centuries  exercised  a  most  important  influence 
both  on  pathological  anatomy  and  on  general  pathology.  The  local  actions 
of  poisons,  indeed,  have  frequently  been  described  not  merely  as  inflammations, 
but  even  as  the  type  of  the  inflammatory  process.  The  local  eftects  of  croton 
oil,  cantharides,  nitrate  of  silver,  hydrochloric  acid,  and  liquor  potassse  on 
mucous  membranes  and  other  tissues  were  studied  most  minutely  from  the 
point  of  Aaew  of  inflammation,  with  the  view  of  discovering  in  this  way  the 
mode  of  production  of  other  lesions,  which  were  regarded  as  inflammations 
on  the  strength  of  certain  analogies,  and  in  spite  of  all  the  diS"erences  in  their 
etiological  relations. 

The  relations  of  the  intoxications  to  fevers  and  infections  are  almost 
equally  interesting.  Since  it  has  been  shown  that  the  smallest  living 
organisms  may  produce  the  most  serious  infective  diseases,  the  similarity 
between  the  actions  of  poisons  and  of  those  organisms  must  appear  very 
remarkable.  This  similarity  may  be  most  simply  explained  by  the  fact  that 
these  pathogenic  micro-organisms  form  and  secrete  a  poisonous  substance.  It 
will  not  be  surprising,  therefore,  that  a  local  and  a  general  action  may  be 
diff'erentiated  in  infections  as  Avell  as  in  poisons :  local  actions  in  the  tissues 
which  first  come  into  contact  with  the  injurious  substance ;  genercd  actions 
which  appear  partly  in  the  blood  and  partly  in  distant  organs. 

LOCAL   EFFECTS    OF   POISON 

The  local  effects  of  poisons  on  the  tissues  may  be  regarded  as  changes  in 
the  chemical  composition  of  the  tissues  and  of  the  blood  circulating  within 
them,  which  cause  a  series  of  disturbances  of  tissue  nutrition  and  circulation, 
limited  at  first  to  the  neighbourhood  of  the  primary  action. 

The  local  changes  of  the  chemical  composition  of  the  tissues  and  the  blood 
vary  greatly  according  to  the  difl'erent  chemical  2:)roperties  of  the  substance 
which   acts   upon   them.      While   many  poisons   produce   either  no   effect,  or 
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only  slight  changes  which  are  difficult  to  demonstrate  and  are  very  transient, 
many  others  lead  to  serious  and  irreparable  consequences.  In  like  manner, 
the  accompanying  local  disturbances  of  tissue  nutrition  and  circulation  show 
great  differences,  according  to  the  chemical  properties  of  the  poisons.  Those 
can  only  be  fully  dealt  with  in  a  special  consideration  of  the  actions  of  the 
individual  poisons.  It  is  observed,  however,  that  the  various  tissues  show  very 
different  reactions  and  degrees  of  susceptibility  to  the  same  poison. 

Nerve  tissue  is  most  sensitive  to  this  local  action.  Every  change  in  the 
physical  or  chemical  condition  of  a  nerve  fibre,  even  when  unaccompanied  by 
any  microscopical  changes  in  structure,  manifests  itself  by  irritation,  parali/sis, 
and,  finally,  if  the  disturbance  is  very  great,  by  death  of  the  nerve  fibre.  These 
effects  are,  in  the  first  place,  to  be  regarded  as  local  disturbances  of  function,  when 
they  are  due  to  the  action  of  poisons.  They  are  frequently  and,  when  death 
occurs,  invariably  accompanied  by  changes  in  the  histological  structure  of  the  tissues. 
In  virtue  of  the  si^ecial  properties  of  the  nerves,  the  local  disturbance  of  their 
function  is  extended  over  a  wide  area.  They  then  either  produce  muscular 
contractions  and  tremors  by  exciting  the  peripheral  end  organs,  or  by  exciting 
the  nerve  centres,  pain  and  increase  of  reflex  action,  and  frequently  other  more 
complicated  nervous  processes,  such  as  convulsions,  etc.  Histological  changes 
may  also  extend  for  great  distances  along  the  nerves,  as  will  be  more  fully 
explained  afterwards  in  discussing  secondary  degeneration  of  nerves. 

The  Avails  of  the  blood-vessels  are  also  remarkably  susceptible  to  the  local 
action  of  poisons.  In  this  connection  the  nerves  of  the  vessel  walls  and  the 
peripheral  vaso-motor  nerve  centres  must  be  also  taken  into  account.  These  may 
be  injured  either  directly  or  indirectly  by  the  action  of  the  poison  ;  directly,  if 
the  poison  comes  into  immediate  contact  with  the  nerves ;  indirectly,  when  the 
changes  in  the  excitability  of  a  nerve  fibre,  resulting  from  such  contact,  are 
conducted  to  an  associated  act  of  nerves. 

There  is  often  a  great  similarity  between  the  local  actions  of  injuries, 
which  have  been  considered  at  length  in  the  previous  chapter,  and  the 
local  actions  of  poisons.  This  will  be  understood  when  it  is  considered  that 
those  changes  in  the  excitability  of  a  nerve  fibre,  which  we  term  irritation 
or  paralysis,  are  qualitatively  equal  in  all  cases  in  which  changes  in  the  mole- 
cular structure  of  the  nerve  are  caused  by  external  influences.  Mechanical 
irritation  of  a  nerve  fibre  has  the  same  result  as  chemical  or  thermal  irrita- 
tions. Therefore,  we  find  the  same  local  circulatory  reaction  as  in  infury  both  immedi- 
ately round  and  at  some  distance  from  the  seat  of  action  of  the  poison,  since  this 
genercdly  irritates  the  nerves  locally.  This  reaction  sometimes  extends  to  the  whole 
general  circulation,  under  the  same  conditions  as  were  discussed  in  dealing 
with  injury.  Quantitatively,  however,  the  action  varies  greatly  because  of  the 
great  differences  in  chemical  poisons.  In  the  neighbourhood  of  the  seat  of 
action  of  the  poison  the  redness  and  congestion  of  the  tissues  may  be  marked 
or  slight ;  the  swelling  and  pain  may  be  small  or  great ;  the  circulation  may 
manifest  grave  or  trifling  disturbances. 

The  differences  in  the  actions  of  the  various  chemical  poisons  is  further 
explained  by  the  fact  that  very  many  poisons  exert  considerable  influence  on 
the  non-nervous  elements  of  the  walls  of  the  vessels.  Slight  toxic  actions  are 
manifested  in  two  Avays  :  first,  by  changes  in  the  tone  of  the  muscles  of  the  vessel 
wall,  which  are  indicated  by  contraction  or  dilatation  of  the  veins  and  arteries  ; 
and  secondly,  by  changes  in  the  permeability  of  the  vessel  wall  towards  the  fluid 
and  solid  constituents  of  the  blood  and  lymph.  In  this  manner  a  series  of 
local  disturbances  of  the  circulation  arise ;  congestion  or  anaemia  of  individual 
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vascular  areas,  great  exudation  of  blood  plasma,  or  blood  corpuscles  into  the 
connective  tissue  spaces  ;  or,  lastly,  hcemorrbages,  -when  the  cells  as  well  as 
the  plasma  leave  the  vessels  in  great  quantity.  In  many  cases,  of  course, 
the  local  action  of  the  chemical  poison  is  much  greater  and  leads  to  necrosis 
of  the  vessel  wall  and  destruction  of  the  blood  contained  in  its  lumen. 

In  these  local  circulatory  disturbances  the  tissues  which  surround  the  vessels  are 
always  more  or  less  involved.  This  is  due,  of  course,  to  the  juxtaposition  of  the 
various  tissue  elements,  which  is  too  close  to  allow  the  poison  to  act  on  any 
one  element  alone.  Besides  this,  the  metabolic  processes  in  the  tissues  stand 
in  such  close  mutual  dependence  upon  the  local  conditions  of  circulation  and 
innervation  that  an  isolated  lesion,  either  of  the  blood-vessels,  or  of  the  nerves 
or  other  tissues  of  the  vessels,  does  not  occur.  The  tissue  changes  found,  how- 
ever, in  many  local  disturbances  of  innervation  or  circulation  are  so  insigni- 
ficant that  they  are  often  altogether  overlooked ;  while,  again,  in  other  cases, 
the  changes  in  the  tissues  surrounding  the  vessels  and  nerves  are  much 
more  marked.  In  the  local  actions  of  poisons  especially,  the  great  sus- 
ceptibility of  the  nerves  and  blood  -  vessels  causes  them,  as  a  rule,  to 
become  very  severely  affected  whenever  the  tissues  surrounding  them  are 
in^'ured. 

Further,  the  local  actions  of  poisons  on  the  tissues  surrounding  the  vessels 
and  nerves — that  is,  on  the  special  parenchyma  of  the  organs — in  most  cases 
take  the  form  of  disturbances  of  the  molecular  structure  of  the  cells  and  inter- 
cellular substance,  which  may  lead  to  local  necrosis  of  tissue.  The  slighter 
chemical  alterations  of  tissue  may  be,  of  course,  perfectly  recovered  from,  if 
the  circulation  and  innervation  are  maintained.  If  the  action  of  the  poison 
is  more  intense,  necrotic  processes  are  usually  present  in  the  tissues,  although 
they  may  perhaps  be  limited  to  single  tissue  elements  and  do  not  further 
endanger  the  condition  of  the  organ  or  portion  of  organ  subjected  to  the 
action  of  the  poison.  The  circulation  of  the  blood  within  the  area  of  the  local 
action  of  the  poison  is  usually  considerably  disturbed,  but  is  not  interrupted 
for  any  length  of  time,  since  this  would  entail  necrosis  of  all  the  tissues.  The 
same  applies  to  innervation.  This,  also,  if  subjected  to  too  serious  an  injury, 
entails  the  destruction  of  the  tissue  exposed  to  the  action  of  the  poison. 
Indeed,  the  observations  which  have  been  made  on  paralysed  limbs  show  that 
innervation  is  of  great  importance  in  preserving  the  tissues  from  external 
injury.  It  may  remain  undecided  whether,  according  to  the  opinion  of 
Samuel  and  Charcot,  the  tissues  possess  trophic  nerves,  the  destruction  or 
disease  of  which  impairs  the  nutrition  of  the  tissue,  or  whether  the  disturbance 
of  the  vaso-motor  innervation  in  paralysed  limbs  renders  the  tissue  less  capable 
of  resistance  to  external  influences. 

When  the  local  action  of  the  poison  is  still  more  severe,  as  in  cauterisation 
Avith  concentrated  acids  or  alkalies,  chloride  of  zinc  or  nitrate  of  silver,  the 
disturbances  of  the  molecular  chemical  structure  of  the  tissue,  more  or  less 
directly,  produce  local  death  <yr  local  necrosis.  In  these  cases  there  is,  as  a  rule, 
no  limitation  at  all  of  the  effects  exercised  by  the  poison  on  the  various 
constituents  of  the  tissues.  They  all  necrose  to  a  certain  extent  and  become 
more  or  less  altered  in  their  external  appearance,  according  to  the  special 
nature  of  the  poison  which  is  acting.  If  the  necrotic  portion  of  tissue  is 
of  firmer  consistence  than  the  normal  tissue,  it  is  usually  called  an  eschar — 
a  term  which  is  also  sometimes  used  when  the  necrosed  portion  of  tissue 
appears  softer  and  moister  than  before.  The  tissues  immediately  round  the 
necrosed  area,  however,  are  not  normal,  but  form  a  zone  in  which  a  modified 
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action  of  the  poison  may  be  seen,  and  which  passes  imperceptibly  into  the 
healtli}^  tissues. 

The  piece  of  dead  tissue,  the  necrotic  area,  afterwards  forms  the  starting- 
point  for  a  series  of  changes  which  finally  bring  about  the  separation  of  the 
living  from  the  dead  tissue.  First,  the  necrosed  portion  undergoes  many  passive 
changes,  according  to  its  local  conditions,  by  means  of  which  a  line  of  demarca- 
tion, which  can  be  seen  by  the  naked  eye  as  well  as  under  the  microscope,  is 
finally  produced  between  the  living  and  the  dead  tissues.  In  the  meantime, 
the  poisonous  substances  contained  in  the  eschar  diffuse  into  the  surrounding 
tissues  and  thus  give  rise  to  local  disturbances  of  innervation  and  circulatory 
reaction  over  a  smaller  or  larger  area.  The  result  is  a  liquefaction  of  the 
boundary  zone  between  the  necrotic  and  the  living  tissue — a  liquefaction  in 
which  an  important  part  aj^pears  to  be  played  especially  by  the  enzymes 
contained  in  the  tissue  juices  and  in  the  fluids  which  have  come  from  the 
blood.  Subsequently,  the  necrotic  portion  sloughs  off  or  is  absorbed.  The 
loss  of  tissue  which  ensues  is  replaced  by  newly-formed  tissue,  and  this 
cicatrises  exactly  in  the  same  manner  as  after  an  injury. 

According  to  this  account,  the  new  formation  of  tissue  which  occurs  after 
sloughing  of  an  eschar  may  also  be  described  as  a  regenerative  process. 
Virchow,  however,  regarded  this  new  formation  of  tissue  after  the  action  of 
poisons  generally  as  the  result  of  the  formative  irritation  of  the  cellular 
elements  in  the  neighbourhood.  The  question  arises,  therefore,  whether  the 
local  actions  of  poisons  are  capable  of  exciting  individual  cells  and  tissues  to 
increase  and  proliferation.  This,  however,  can  no  more  be  decided  than  can 
the  analogous  question  of  traumatic  irritation.  In  ^pathological  conditions, 
produced  by  the  local  action  of  poisons,  no  new  formation  of  tissue  has  as  yet 
been  seen  unaccompanied  by  simultaneous  local  circulatory  reactions.  These, 
however,  must,  according  to  our  experience,  be  regarded  as  processes  which 
may  of  themselves  bring  about  over-nutrition  and  new  formation  of  tissue 
without  the  intervention  of  a  hypothetical  dii'ect  formative  irritation  of  the 
protoplasm  by  the  poison.  This  question  will,  however,  be  dealt  with  again 
in  treating  of  the  action  of  poisons  on  distant  parts  of  the  body.  At  present, 
we  only  emphasise  the  great  importance  of  reactive  circulatory  disturbances 
as  regards  the  tissue-forming  processes,  and  the  opportunity  they  afford  for 
experimental  investigation.  This  is  not  the  place  for  an  account  of  the  separate 
poisons,  but  it  appears  desirable,  for  the  comprehension  of  many  pathological 
processes,  to  deal  in  a  general  way  with  the  local  action  of  the  larger  groups,  at 
least,  of  toxic  substances.     These  may  thus  be  distinguished  : — 

(1)  Chemical  bodies  whose  local  action  is  chiefly  upon  the  nerves.  This  class 
includes  a  series  of  narcotics,  cocaine,  morphine,  and  others  which  have  the 
power  of  causing  local  anaesthesia. 

(2)  Chemical  bodies  zuhose  local  action  is  chiefly  upon  the  blood-vessels,  including 
their  nerves  in  their  walls. 

One  of  the  most  important  of  these  is  sodium  chloride,  which,  in  1'5  per 
cent  solution,  as  I  have  shown,  immediately  produces  dilatation  of  the  small 
arteries  and  an  increased  flow  of  blood  into  the  capillaries.  Sulphate  of 
atropine  and  many  other  poisons  have  the  same  effect.  Although  it  is  the  tone 
and  innervation  of  the  vessel  wall  which  are  chiefly  disturbed  by  the  action  of 
those  bodies,  it  will  be  observed  that  the  action  of  dilute  acids  and  alkalies 
also  causes  changes  which  indicate  an  increase  in  the  permeability  of  the  capillary 
walls.  In  sulphuric  acid  poisoning,  oedema  of  the  glottis  not  infrequently 
occurs  from  great  exudation  of    the  fluid  constituents  of  the  blood  into  the 
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tissues  over  which  the  sulphuric  acid  has  passed.  A  similar  condition  has  been 
observed  in  nitric  acid  poisoning,  sometimes  even  in  simple  inhalation  of  this 
acid.  In  poisoning  with  alkalies,  edematous  swellings  of  the  mucous  mem- 
brane of  the  mouth  appear  as  the  local  action ;  and  when  ammonia  comes  in 
contact  with  the  mucous  membrane  of  the  trachea,  it  causes  fibrinous  exudation 
from  the  blood-vessels  of  this  membrane.  The  skin,  when  an  antimonial  oint- 
ment has  been  applied  to  it,  becomes  covered  by  vesicles  whose  fluid  contents 
come  from  the  blood.  Many  other  metallic  salts,  when  diluted,  act  similarly, 
and  so  also  does  a  series  of  organic  substances,  such  as  croton  oil,  cantharides, 
and  many  ethereal  oils.  In  all  these  cases,  however,  besides  the  circulatory 
disturbances,  slight  changes  in  the  tissues  sm-rounding  the  vessels  are  usually 
present. 

(3)  Chemical  bodies  which  in  their  local  action  attach  the  tissues  almost  without 
distinction. 

Concentrated  acids,  alkalies,  and  metallic  calts  which  transform  the  tissues 
into  hard,  necrotic  masses,  eschars,  or  which  liquefy  them  more  or  less,  as  in 
the  case  of  many  alkalies.  Strong  solutions  of  croton  oil,  cantharides,  ethereal 
oils,  and  many  other  organic  substances  produce  similar  effects. 

GENERAL   ACTIONS    OF   POISONS  . 

The  local  eflPects  which  develop  when  the  chemical  poisons  first  come  into 
contact  with  the  skin,  the  mucous  membrane  or  other  tissues,  take  the  form 
of  local  disturbance  of  innervation,  circulation,  and  tissue-nutrition.  In  many 
cases,  however,  the  action  of  the  poison  penetrates  further  and  extends  through- 
out the  whole  of  the  blood  and  to  organs  at  a  distance  from  the  scene  of  the 
primary  action.  The  general  action  of  the  poison  is  added  to  the  local  action. 
These  general  actions  may  occur  even  Avhen  the  poison  causes  no  apparent 
changes  in  the  organ  with  which  it  first  comes  in  contact.  Although  many 
local  actions  of  poisons  may  involve  distant  portions  of  the  body  by  irritation 
and  paralysis  of  the  nerves,  those  changes  which  are  termed  general  actions  of 
poisons  depend  exclusively  upon  the  absorption  of  the  poison  by  the  blood. 
As,  however,  the  various  organs  react  very  unequally  to  the  different  poisons, 
it  is  quite  possible  that  the  poison  may  cause  no  apparent  change  at  the  place 
of  its  first  action,  but  may  greatly  injure  other  organs  to  which  it  is  carried  by 
the  blood. 

The  absorption  of  the  poison  by  the  blood  takes  place,  as  a  rule,  by 
diffusion  through  the  capillaries  and  veins.  In  many  cases  the  lymph-vessels, 
serous  cavities,  and  nerve- sheaths  also  seem  to  take  part  in  the  absorption, 
but  they  too  ultimately  conduct  the  poison  into  the  blood-stream.  Here  the 
poison  becomes  mingled  with  the  blood.  It  may  then  decompose  the  blood  or 
act  mainly  on  the  vessel  walls  or  on  the  tissues  of  the  organs  through  which 
the  blood  passes,  so  that  the  result  varies  greatly  according  to  the  sjDecial 
properties  of  the  poison.  The  reverse  may  happen,  however,  and  the  poison 
may  itself  be  decomposed  by  the  tissues  and  the  blood  during  the  process  of 
its  absorption,  so  that  its  action  may  be  modified  or  sometimes  even  altogether 
arrested.  It  may  happen,  for  instance,  that  poisonous  mineral  substances 
become  non-poisonous  by  oxidation  or  reduction  in  the  blood. 

The  poisons  circulating  in  the  blood  generally,  however,  tend  to  accumulate 
in  certain  organs  within  which  they  frequently  develop  their  chief  action  and 
often  cause  very  remarkable  tissue  changes.  The  excretion  of  the  poison 
begins  simultaneously  with  this,  as  a  rule.      The  kidneys,  intestinal  mucous 
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membranes,  salivary  glands,  liver,  lungs,  and  sweat-glands  may  be  mentioned  as 
the  channels  by  which  the  body  rids  itself  of  the  injurious  substance  which 
destroys  the  structure  of  its  organs,  and  frequently  causes  death  before  this 
excretion  has  obviated  the  danger. 

Attention  will  first  be  directed  to  the,  hlood,  if  we  trace  this  general  toxic 
action  through  its  separate  stages.  Our  highly  perfected  chemical  methods 
have  made  it  possible  to  demonstrate  the  presence  of  the  poisons  in  the  blood 
in  nearly  all  cases.  Many  poisons  cause  no  special  changes  in  the  blood,  how- 
ever, while  others  afi"ect  it  to  a  very  considerable  extent.  Von  Dusch  and 
Kiihne  were  the  first  to  demonstrate  the  important  fact  that  the  bile-acids, 
when  they  enter  the  blood,  can  dissolve  the  red  blood  corpuscles,  so  that  free 
heemoglobin  in  solution  circulates  in  the  plasma.  Many  other  poisonous  sub- 
stances have  the  same  power,  since  the  haemoglobin  is  very  loosely  combined 
with  the  stroma  of  the  red  corpuscles.  Chloroform,  ether,  and  carbolic  acid 
may  produce  the  same  result,^  as  also  do  arseniuretted  hydrogen,-  the  chlorates 
of  the  alkalies,^  helvellaic  acid  (the  poisonous  principle  of  the  Helvella  esculenta),'^ 
and,  lastly,  quillaiac  acid  and  cyclamin.^ 

The  haemoglobin,  which  has  been  dissolved  in  the  blood,  afterwards  passes 
fairly  quickly  into  the  urine,  changing,  at  the  same  time,  into  methaemoglobin 
and  imparting  a  brownish  colour  to  the  urine,  methcemoglohinwia.  Another 
part  of  the  free  haemoglobin  in  the  blood  becomes  bile-pigment  in  the  liver 
(Naunyn).  This  formation  of  bile-pigment  may,  under  certain  circumstances, 
attain  such  proportions  that  a  greater  or  less  quantity  of  the  pigment  passes 
back  into  the  blood  and  gives  rise  to  a  diffuse  yellow  coloration  of  the 
whole  body.  This  yellow  coloration  (icterus,  jaundice)  is,  as  a  rule,  most 
marked  in  the  sclerotic  and  skin,  but  also  affects  all  the  organs  and  tissues. 

We  may  term  this  form  of  jaundice  toxic  icterus,  and  assume  that  the 
bile  contained  in  the  bile  ducts  and  intestines  is  increased  as  a  result  of  the 
great  formation  of  bile-pigment.  This  exj^lanation  is  all  the  more  probable 
since  similar  forms  of  toxic  icterus  are  caused  by  toluylendiamin,*^  a  poison 
which  considerably  increases  the  bile-pigment  in  the  liver  without  demonstrable 
solution  of  the  red  corpuscles. 

Part  of  the  bile-pigment  is  then  reabsorbed  into  the  blood  from  the  biliary 
passages  and  from  the  intestine.  This  view  completely  accords  with  the  fact 
that  in  toxic  icterus  not  only  bile-pigment,  but  also  bile  acids  pass  into  the 
blood  and  thence  into  the  urine,  though  not  invariably.  The  terra  Jmniatogenous 
might  be  used  for  this  form  of  icterus,  in  so  far  as  the  starting-point  of  the  dis- 
turbance might  be  sought  in  the  destruction  or  injury  of  the  red  corpuscles  in 
the  blood-stream.  It  is  not,  however,  desirable  to  use  this  term,  since  it  has 
been  for  some  time  applied  to  a  diff'erent  conception  of  toxic  and  infective 
icterus. 

According  to  the  older  theory  of  haematogenous  icterus,  the  transformation 
of  haemoglobin  into  bile-pigment  takes  place  in  the  blood.  Naunyn's  investiga- 
tions have  proved  that  this  theory  was  not  sufficiently  well  founded.  The 
liver  must  be  recognised  as  the  chief  seat  of  the  j^roduction  of  bile-pigment. 
Minkowski  and  Naunyn,  after  completely  removing  the  liver  in  ducks  and 
geese,  found  that  no  bile-pigment  was  formed  when  the  haemoglobin  Avas 
dissolved  out  of  the  red  corpuscles  of  the  blood.  This,  of  course,  does  not 
prove  that  the  jDroduction  of  bile-pigment  in  the  blood  is  altogether  impossible  ; 

•^  Bdttcher,  Leydeu,  L.  Hermann,  Bernstein,  Nothnagel.  ^  Naunyn. 

^  Marclianrl.  ■*  Kromholtz,  Bostroem,  Ponfick,  Lebedeff. 

^  Robert.  *  Schmiedeberg,  Stadelmaun,  Affauasiew. 
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but  we  must  assume  that  it  is  only  under  exceptional  conditions  that  this  can 
take  place.  When  the  oxygen  of  the  blood  is  excessively  diminished,  I  think 
that  the  possibility  of  such  an  event  cannot  be  absolutely  excluded,  especially 
if  toxic  and  infectious  influences  have,  at  the  same  time,  destroyed  some  of  the 
red  blood  cells. 

As  regards  the  remaining  organs  and  tissues  of  the  body,  excluding  the 
liver  and  blood,  we  know  for  certain  that  a  pigment,  luematoklin,  related  to  or 
identical  with  the  bile-pigment,  may  be  formed  in  any  situation  from  ex- 
travasated  blood.  According  to  Neumann's  researches,  this  occurs  more 
especially  in  the  centre  of  the  larger  extravasations  of  blood  which  are,  there- 
fore, at  a  considerable  distance  from  living  cells.  The  results  obtained  by 
Panski  and  myself,  with  regard  to  the  pigment  of  the  spleen,  make  it  probable 
to  me  that  the  Avant  of  oxygen  is  the  determining  cause  of  the  production 
of  bile-pigment  or  of  hgematoidin  when  haemoglobin  breaks  down.  The  small 
amount  of  oxygen  in  the  blood  circulating  in  the  capillaries  of  the  liver  is  quite 
in  accordance  with  this.  If,  however,  bile-pigment  or  haematoidin  may  be 
formed  in  any  of  the  tissues  under  various  pathological  conditions,  we  must 
also  admit  the  possibility  that  icterus  may  originate  in  any  tissue. 

A  case  of  poisonous  snake-bite  which  I  had  an  opportunity  of  observing 
seems  to  support  this  view.  A  strong  adult  labourer  was  bitten  by  an  adder 
on  the  middle  finger  of  the  left  hand.  Q^dematous  swelling  of  the  whole  left 
upper  extremity,  including  the  shoulder,  set  in,  and,  at  the  same  time,  multiple 
heemorrhages,  up  to  the  size  of  a  pea  and  partly  confluent,  appeared  in  the  skin 
in  the  swollen  parts.  On  the  fourth  day  the  two  small  punctured  wounds 
of  the  bite  had  healed  ;  but  the  swelling  and  hajmorrhages  of  the  left  arm  and 
shoulder  continued.  The  swollen  area  became  distinctly  jaundiced  at  the  same 
time,  while  the  remainder  of  the  body,  more  especially  the  sclerotic,  showed 
no  yellow  coloration.  It  was  not  till  the  sixth  day  that  traces  of  an  icteric 
tinge  appeared  in  both  the  sclerotics,  but  the  yellow  tinge  in  the  arm  (in  which 
the  swelling  was  now  reduced)  was  still  much  more  distinct  than  in  other 
parts.  There  was  no  fever.  Some  days  later  the  patient  returned  to  his 
work,  cured,  and  was  lost  sight  of.  This  observation  is  undoubtedly  most 
naturally  explained  by  the  assumption  that  the  enormous  swelling  of  the  arm 
impeded  the  circidation  by  pressure  on  the  capillaries  and  caused  a  deficiency 
of  oxygen  in  the  diseased  arm.  The  haemoglobin  of  the  multiple  hoemorrhages 
of  the  skin  was  thereby  transformed  in  situ  into  the  yellow  pigment,  and 
subsequently  gave  rise  to  general  icterus  after  being  absorbed  into  the  blood. 
It  cannot  be  denied  that  other  explanations  are  possible.  This  case,  however, 
again  made  it  very  apparent  how  little  attention  has  been  paid  in  more  recent 
investigations  to  the  possibility  that  the  tissues  outside  the  liver  may  form  a 
considerable  amount  of  blood-pigment  and  thus  produce  icterus.  It  is,  of  course, 
allowed  that  crystallised  hpematoidin,  identical  with  bilirubin,  is  always  formed 
in  the  centre  of  large  blood  extravasations  (Virchow,  Neumann) ;  but  the 
number  of  observations  which  prove  the  appearance  of  icterus  after  extensive 
haemorrhages  in  the  tissues  is  very  limited. 

If  methfemoglobinuria  and  icterus  may  be  classed  as  characteristic,  though 
not  invariable  results  and  actions  of  the  blood  poisons,  the  list  of  changes  is  by 
no  means  exhausted.  Blood  poisons  of  slight  intensity,  such  as  sapotoxin  and 
solvin  (Robert),  which  rapidly  dissolve  the  red  corpuscles  outside  the  body,  do 
not,  as  a  rule,  seem  to  be  capable  of  producing  this  result  within  the  living 
body  of  an  animal.  That  they  do  cause  changes  in  the  blood,  however,  is 
to  be  inferred  from  the  dark  colour  assumed  by  the  blood  in  the  vessels,  and 
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also  hy post-mortem  changes;  for,  in  animals  which  have  been  poisoned  in  this 
way,  the  blood  is  observed,  shortly  after  death,  to  be  dark,  somewhat  like  tar 
in  appearance,  resembling  the  condition  found  in  man  after  many  infectious 
diseases.  Other  disturbances  of  a  quite  different  character  may  also  appear 
in  other  cases.  Cyclamin,  for  instance,  very  rapidly  produces  fibrinous  coagula- 
tion of  the  blood  in  the  vessels  (Robert),  as  also  does  ether  (Naunyn) ;  this 
latter  only  after  intravenous  injection,  however. 

Other  poisons  enter  into  chemical  combination  with  the  heemoglobin,  and 
thus  more  or  less  completely  arrest  its  power  of  carrying  oxygen.  Thus,  in 
poisoning  by  chai'coal  fumes,  carbonic- oxide -ha?,moglobin  is  formed,  and  in 
poisoning  by  sulphuretted  hydrogen,  sulph-ha^moglobin  or  sulph-hrematin.  In 
poisoning  by  bi-sulphide  and  by  oxy-sulphide  of  carbon  (C.  Schwalbe),  the  red 
blood  corpuscles  break  down  and  a  finely  granular  black  pigment,  melanin,  is 
formed  in  the  blood,  and  is  found  partly  in  free  circulation  in  the  plasma,  and 
partly  in  combination  with  the  red  and  white  corpuscles.  It  is  then  deposited 
in  various  organs  on  its  way  through  the  body,  more  especially  in  the  spleen 
and  bone-marrow.  A  febrile  rise  of  temperature  seems  to  occur  at  the  same 
time,  perhaps  induced  by  the  breaking-down  of  the  red  and  white  corpuscles. 
It  is  known,  at  least,  from  the  researches  carried  out  in  Dorpat  by  M.  Edelberg, 
under  the  direction  of  A.  Schmidt,  that  the  fibrin  ferment,  set  free  by  the 
disintegration  of  the  blood  corpuscles  in  living  animals,  gives  rise  to  pyrexia. 

These  well -authenticated  facts  are  sufficient  to  explain  the  injurious  effects 
l^roduced  by  many  poisons  on  the  composition  of  the  blood.  Further  investi- 
gation in  this  direction  will  doubtless  reveal  many  other  disturbances.  The 
poison  circulating  in  the  blood,  and  the  blood  which  has  been  altered  in  its 
chemical  composition,  very  frequently  act  injuriously  on  the  vessel  walls  also. 
As  a  rule,  this  injury  is  manifested  by  an  increase  in  the  permeability  of  the 
capillary  walls.  Multiple  punctiform,  or  even  extensive,  hemorrhages  appear, 
especially  in  poisoning  by  phosphorus,  iodide  of  potassium,  iodine,  ergot,  and 
snake  poison.  Poisoning  by  borax  is  sometimes  accompanied  by  small  multiple 
haemorrhages  in  the  skin ;  carbonic  oxide  poisoning  leads  to  haemorrhages  into 
the  membranes  and  substance  of  the  brain.  Sapotoxin,  quillaiac  acid,  and 
solvin  cause  haemorrhages  in  the  gastro-intestinal  mucous  membrane.  All  these 
hasmorrhages  come  from  capillaries  whose  walls  show  no  striking  structural 
changes ;  they  must,  therefore,  be  referred  to  a  pathological  increase  in  the 
permeability  of  the  vessel  walls,  and  especially  of  the  intima,  since  the  normal 
intima  allows  the  fluid  part  of  the  blood  to  pass  into  the  tissues,  but  almost 
completely  keeps  back  the  cellular  elements.  Poisons  which  cause  such  increase 
of  the  permeability  of  the  capillary  walls  as  to  lead  to  a  copious  exudation  of 
blood  plasma  are  much  more  rare  ;  but  we  may  mention,  in  this  connection, 
that  great  oedema  into  the  subcutaneous  cellular  tissue  occurs  in  poisoning  with 
the  leaves  of  Rohinia  ■pseudacacia  and  with  paraphenylendiamin  (Robert).  In 
carbonic  oxide  poisoning,  also,  we  find  oedematous  effusions  into  the  lungs  and 
serous  cavities,  and  the  introduction  of  a  large  quantity  of  dilute  solution  of 
potassium  ferrocyanide  into  the  blood  leads  to  localised  serous  effusions  into 
the  pericardial  sac. 

In  other  cases,  as  in  intoxications  by  ferments  and  by  muscarin  (Sahli), 
oedematous  conditions  are  also  observed  in  the  lungs ;  but  the  relations  in 
these  cases  are  less  clear,  because  these  poisons  impair  the  tone  of  the 
vessel  walls  and  the  force  of  the  heart.  These  cases,  however,  draw  our 
attention  to  the  fact  that  in  many  cases  of  poisoning  tlie  abnormal  condition 
of  the  blood  impairs  the  tone  and  elasticity  especially  of  the  middle  coat  of 
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the  arteries.  Thus,  in  barium-poisoning  there  is  a  contraction  of  the  arterial 
walls  and  a  rise  of  blood-pressure,  while  amyl  nitrite,  nitro-glj'cerine,  nitrite  of 
soda,  and  all  the  substances  which  form  metha^moglobin,  lower  the  tone  of 
the  arterial  wall.  In  arsenical  poisoning  this  occurs  in  a  more  localised  manner 
in  the  region  supplied  by  the  splanchies,  e.g.  in  the  intestine.  Phosphorus 
and  lead  poisoning  produce  similar  results,  while  there  is,  at  the  same  time, 
a  fatty  degeneration  of  the  muscular  coat  of  the  vessels  in  the  more  serious 
cases  of  poisoning  at  least.  Chronic  lead-poisoning  plays  an  important  part 
in  the  etiology  of  arterio-sclerosis,  a  disease  which  consists  essentially  of  an 
impairment  of  the  tone  of  the  middle  coat  of  the  arteries. 

Lastly,  the  effects  produced  on  the  jjarenchtjnia  of  the  various  organs  of  the  human 
body  hj/  jwisons  ichich  have  been  absorbed  by  the  blood  manifest  themselves  in  many 
very  different  ways.  The  central  and  peripheral  nervous  system  again  shows 
the  greatest  susceptibility.  Many  of  the  so-called  nerve  poisons  give  rise  to 
no  serious  changes  either  at  the  spot  where  uhey  are  first  absorbed  or  in  the 
blood,  although  they  may  be  demonstrated  chemically  in  the  blood.  Many  of 
them  certainl}^  cause  local  disturbances  of  innervation  as  well  as  of  circulation 
and  tissue -nutrition  at  the  place  where  they  are  first  absorbed.  All  those 
nerve  poisons,  however,  lead  to  manifold  functional  disturbances  in  the  central 
and  peripheral  nervous  system  by  acting  on  the  different  nerve  apparatuses 
either  b}^  irritation  or  paralysis.  Thus,  more  particularly,  there  may  be 
hyperesthesias  and  paralyses  of  sensation,  twitchings  in  the  muscles,  tonic  and 
clonic  convulsions  or  trismus.  In  other  cases  more  or  less  well-marked  motor 
paralyses  or  disturbances  of  the  innervation  of  the  respiration,  of  the  heart's 
action,  and  the  muscular  walls  of  the  arteries  may  cause  death.  To  this 
class  belong  many  vegetable  alkaloids,  curare,  and  many  of  the  ]3oisonous  pro- 
ducts of  animal  metabolism,  as,  for  instance,  that  derived  from  river  mussels, 
and  also  many  poisons  resulting  from  putrefaction  of  the  animal  body.  Special 
investigation  here  of  the  actions  of  the  nerve  poisons,  opium,  haschisK,  cocaine, 
atropine,  nicotine,  pilocarpine,  veratrine,  strychnine,  and  many  others,  would 
lead  us  too  far.  It  ought  to  be  specially  mentioned,  however,  that  many  of 
these  nerve  poisons  involve  the  heat  -  regulating  centre,  most  frequently 
producing  a  fall  in  the  temperature  of  the  body  (quinine,  alcohol),  but,  in  a 
few  cases,  a  rise  (/5-Tetrahydronaphthylamin,  E.  Stern)  which  resembles  pyrexial 
rise  of  temperature  in  many  points. 

The  actions  of  the  poisoned  blood  on  other  organs  are  also  very  varied,  so 
that  a  simple  account  is  not  easily  given.  But  we  can  distinguish,  generally 
speaking,  between  the  more  localised  actions  of  poisons  which  are  produced 
by  the  special  affinity  of  some  of  the  poisons  circulating  in  the  blood  for  certain 
organs,  and  those  actions  of  poisons  which  appear  to  be  more  or  less  completely 
dependent  upon  a  general  disturbance  of  metabolism. 

Among  the  local  pathological  conditions  caused  by  poisons  circulating 
in  the  blood,  the  changes  in  the  wall  of  the  intestine  are  among  the  most 
important.  In  many  poisonings,  even  by  subcutaneous  or  intravenous  injection, 
a  fibrinous  exudation  forms  on  the  mucous  membrane  of  the  ileum  and  colon, 
or,  when  the  injury  is  more  severe,  there  may  be  superficial  destruction  of  these 
mucous  membranes — processes  to  which  the  terms  croup  and  diphtheria  have 
been  applied  in  pathological  anatomy.  Diphtheria  of  the  mucous  membrane 
frequently  occurs  in  poisoning  by  substances  which  dissolve  the  red  blood 
corpuscles,  such  as  quillaiac  acid,  sapotoxin,  senegin,  solvin,  cyclamin,  as 
appears  from  the  investigations  of  Robert  and  his  pupils  more  especially. 
Some  intolxications  by  ferments,  such  as  ricin  and  abrin  (Robert),  act  similarly, 
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and  so  also  do  substances  which  cause  paralysis  of  the  arteries  in  the  area 
supplied  by  the  splanchies,  such  as  emetin  and  snake  poison  (Feoktistow). 
The  mineral  poisons,  which  are  excreted  by  the  intestinal  mucous  membrane 
after  absorption  by  the  blood,  are  perchloride  of  mercury,  antimony,  and 
arsenic.     These  cause  serious  lesions,  generally  diphtheritic. 

Poisons  circulating  in  the  blood  also  cause  many  remarkable  lesions  in 
the  skin.  Exanthematous  symptoms,  resembling  scarlet  fever,  are  well  known 
in  poisoning  by  belladonna  and  stramonium.  Small  multiple  punctiform 
haemorrhages  of  the  skin  are  observed  in  borax -poisoning,  and  in  arsenical 
poisoning  marked  redness  of  the  skin,  with  the  formation  of  numerous  small 
vesicles,  is  sometimes  found. 

The  most  familiar  example  of  the  actions  of  poisonous  substances  in  other 
organs  is  the  influence  of  phosphorus  in  small  doses  in  promoting  the  ossifica- 
tion of  the  hony  sJceleton  in  early  life.  The  investigations  of  Wegner  laid  the 
foundations  of  this  subject,  and  have  more  recently  been  confirmed  in  various 
quarters.  This  fact,  however,  is  of  special  importance  for  us  in  this  re.spect, 
that  it  is  an  instance  of  poisonous  substance  circulating  in  the  blood,  directly 
exercising  an  influence  which  promotes  the  processes  of  new  tissue-formation. 
Special  interest,  however,  is  attached  to  the  actions  of  poisons  on  the  organs 
by  which  they  are  excreted  from  the  circulation.  The  changes  in  the  intestine 
in  poisoning  by  mercury,  antimony,  and  arsenic  have  already  been  mentioned. 
Disease  of  the  kidney  also  is  very  frequently  produced  in  this  manner.  Many 
cases  of  poisoning  by  acids,  for  this  reason,  seriously  impair  the  nutrition  of 
the  renal  epithelium.  Similarly,  lead  is  particularly  harmful  to  the  kidney, 
and,  in  animals  at  least,  poisoning  with  cerium  and  platinum  lead  to  renal 
disease. 

Among  the  poisons  already  mentioned  there  are  many  which,  besides  their 
local  actions,  also  seriously  affect  the  general  nutritive  processes  of  the  body.  The 
only  one  we  can  discuss  here  is  chronic  lead-poisoning,  which  is  associated  with 
marked  cachexia  and  secondary  functional  disturbances  in  many  organs.  The 
glycosuria,  which  occurs  in  poisoning  by  oxalic  acid,  may  also  be  included 
here.  Particular  interest  is  attached,  however,  to  the  disturbances  of  meta- 
bolism in  phosphorus-poisoning,  which  have  been  carefully  investigated,  especi- 
ally by  Bauer.  This  poison  enters  the  blood  and  tissues  and  causes  a  general 
disturbance  of  nutrition  which  is  essentially  due  to  an  arrest  of  the  processes 
of  oxidation  in  the  various  organs.  The  absorption  of  oxygen  and  formation 
of  carbonic  acid  are  considerably  diminished.  In  consequence,  degenerations 
occur  which  are  recognised  under  the  microscope  by  the  presence  of  small 
fat  droplets  in  the  gastric  mucous  membrane,  the  liver,  the  kidneys,  the  heart- 
muscle,  and  the  muscular  coats  of  the  vessel  walls.  In  the  liver  especially, 
in  which  most  of  the  poison  accumulates,  the  fatty  degeneration  of  the  liver 
cells  is  usually  very  extensive  and  striking.  The  increased  disintegration  of 
the  albumen  in  the  organ  causes  an  increase  in  the  excretion  of  nitrogen, 
especially  in  the  form  of  urea.  At  the  same  time,  the  blood  corpuscles 
break  down,  and  the  formation  of  bile  is  thus  so  greatly  stimulated  that  not 
infrequently  the  excess  of  bile  constituents  passes  back  into  the  blood  and 
saturates  all  the  organs,  causing  jaundice  or  icterus.  The  spleen  also  becomes 
enlarged — a  fact  which  does  not  appear  remarkable  if  we  remember  that  this 
is  one  of  the  organs  in  which,  even  under  physiological  conditions,  the  red 
corpuscles  become  broken  down.  Besides  the  destruction  of  red  corpuscles, 
the  presence  of  lactic  acid  in  the  blood  in  phosphorus-poisoning  is  worthy 
of  mention — a  fact  which  explains  the   serious   impairment  of   the  functions 
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of  the  central  nervous  system,  especially  the  occurrence  of  somnolence.  Lactic 
acid,  however,  is  not  the  only  foreign  substance  in  the  blood  which  results 
from  this  form  of  poisonii]g.  The  rapidly  developing  destruction  of  so  manj^ 
tissues  also  leads  to  the  overloading  of  the  blood  with  many  other  products  of 
degeneration.  These,  perhaps,  are  mainly  responsible  for  the  disturbed  nutri- 
tion of  the  capillaries,  which  is  manifested  by  the  occurrence  of  numerous 
hsemorrhages  in  so  many  vascular  areas. 

This  brief  review  of  the  most  important  phenomena  of  intoxications  is 
intended  to  indicate  generally  how  the  actions  of  poisons  are  produced,  for 
these  actions  offer  in  many  relations  the  key  to  the  comprehension  of  numerous 
pathological  processes,  especially  those  of  infective  diseases.  Our  steadily 
increasing  knowledge  of  toxicology  will,  no  doubt,  in  process  of  time,  furnish 
the  important  connecting  link  between  the  results  of  the  chemical  and  the 
anatomical  methods  of  investigation. 
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CHAPTEE    IT 

INFECTIONS   AND   PARASITES 

General 

The  ancient  Eoman  authors,  Varro  and  Columella,  were  of  the  opinion,  as 
Liebermeister  points  out,  that  many  pyrexial  malarial  diseases  M'ere  possibly 
due  to  the  invasion  of  the  human  body  by  low  forms  of  organisms ;  but  it 
was  only  after  the  invention  of  the  microscope  and  the  discovery  of  infusoria 
that  this  doctrine  of  contagium  vivuni  became  more  generally  applied  and  widely 
known.  The  larger  animal  parasites  were  the  first  to  be  subjected  to  thorough 
scientific  investigation  by  Swammerdam,  lledi,  Pallas,  Rudolphi,  Bremser,  v. 
Siebold,  Eschricht,  Steenstrup,  Kiichenmeister,  Virchow,  Leuckart,  and  others. 
The  knowledge  thus  obtained  necessarily  supported  the  theory  of  contagium 
vivum,  and  this,  also,  as  regards  those  contagious  diseases  in  which,  at  first,  no 
parasitic  infective  organism  was  apparent.  It  was  at  least  certain,  after  the 
researches  of  Pallas,  v.  Siebold,  Eschricht,  and  others,  that  the  living  creatures 
found  in  the  internal  organs  in  man,  in  the  liver,  tJie  hrain,  the  muscles,  did  not  originate 
hy  spontaneous  generation,  or  abiogenesis,  but  were  derived  fiwn  the  external  world.  The 
jyossibilifi/  of  the  invasion  of  a  living  human  being  by  living  organisms  ivas  thus  lyroved. 
Therefore,  when  Ehrenberg  acquired  more  definite  information  regarding  the 
lowest  forms  of  organisms,  the  lines  were  indicated  by  anatomists  and  mor- 
phologists  on  which  the  knowledge  of  the  pathogenic  micro-organisms  could  be 
obtained. 

Henle  was  the  first  to  throw  any  real  light  upon  the  pathological  side  of  the 
question  in  two  important  papers,  published  in  the  years  1840  and  18.53.  There 
is  no  doubt  that  infective  diseases  are  distinguished  by  characteristics  which 
may  be  most  simply  explained  by  the  assumption  of  a  contagium  vivum.  They 
attack  a  great  number  of  people  either  simultaneously  or  shortly  after  each 
other,  and  especially  select  those  who  are  in  close  relation  to,  or  who  come  into 
immediate  contact  with  each  other.  They  are  limited  by  time  and  locality  in 
so  far  as  they  only  visit  certain  neighbourhoods  or  occur  only  at  certain  times 
and  then  again  disappear. 

The  theory  of  infectious  diseases  was  further  advanced  by  chemical  research. 
After  Lavoisier  had  shown,  in  1789,  that  grape-sugar  was  transformed  by  fer- 
mentation into  alcohol  and  carbonic  acid,  the  question  necessarily  arose  as  to 
what  part  the  j^east  played  in  those  processes,  since  it  could  apparently  not  be 
doubted  that  its  presence  was  necessary.  This  question  has,  in  the  course  of 
time,  received  very  varying  answers,  and  even  at  present  cannot  be  regarded  as 
being  satisfactorily  solved.     Only  the  most  important  points,  however,  can  be 
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discussed  here.  Cagniard  Latour  (183G)  and  Th.  Schwann  (1837)  were  the 
first  to  point  out  that  yeast  consisted  of  cell-like  formations  which  mvMiplied 
during  feiinentation,  and  therefore  that  yeast  was  a  living  organism.  Some  years 
later  (1839)  Liebig  formulated  his  theory  of  fermentation,  which  was  founded 
on  the  experimentally  demonstrated  law  that  a  substance,  while  in  the  act  of 
chemical  decomposition,  has  the  power  of  producing  chemical  decomposition  in 
another  body  by  simple  contact.  Yeast  was  supposed  to  be  such  a  body,  in 
a  condition  of  active  transformation  which,  during  fermentation,  cornmunicated 
the  impulse  to  decomposition  to  the  grape-sugar.  In  putrefaction,  however, 
disintegrating  organic  substances  of  another  kind  were  supposed  to  take  the 
place  of  yeast. 

This  chemical  theory  of  fermentation  and  putrefaction,  set  up  by  Liebig,  has 
received  much  support  and  also  much  opposition,  and  as  a  result  of  the  latter 
many  new  aspects  of  the  problem  have  been  brought  to  light.  The  introduction 
of  the  processes  of  putrefaction  was  the  means  of  opening  up  the  question  of 
generatio  cequivoca. 

In  the  eighteenth  century,  after  Spallanzani  had  attempted  to  demonstrate 
experimentally  the  law,  omne  vivum  ex  ovo  (site  ex  vivo),  the  doctrine  of  spontane- 
ous generation  was  continually  revived  and  had  obtained  universal  recognition. 
It  was,  therefore,  a  most  important  achievement  when  Franz  Schultze,  Schwann, 
Helmholtz,  Schroeder,  and  von  Dusch  succeeded  in  demonstrating,  by  accurate 
experiments,  that  substances  and  fluids  liable  to  fermentation  and  putrefaction,  in 
ivhich  all  germs  of  living  organisms  have  been  destroyed  by  boiling,  undergo  neither 
fermentation  nor  putrefaction  so  long  as  the  further  access  of  living  germs  is  prevented. 

These  researches  and  their  results  are  among  the  most  important  of  our 
century,  and  have  become  classical  for  all  modern  biological  research.  They 
broke  down  the  till  then  absolute  supremacy  of  the  doctrine  of  spontaneous 
generation  as  regards  pathology  and  physiology.  Although  repeated  attempts 
were  afterwards  made  to  prove  abiogenesis,  these  were  fruitless.  No  one  has  up 
till  now  been  able,  by  any  method  to  which  exception  cannot  be  taken,  to  pro- 
duce cells  or  living  organisms  from  organic  but  unorganised  bodies. 

In  pathology  also,  where  the  theory  of  free  cell  formation  from  albuminous 
fluids  had  been  previously  universally  accepted,  Virchow  advanced  Spallanzani's 
law  in  a  somewhat  modified  form :  omnis  cellula  ex  cellula,  a  law  which  it  has 
only  recently  been  possible  to  confirm  directly  by  the  discovery  of  indirect 
nuclear  division.  Those  investigations  of  Schwann,  Helmholtz,  Schroeder,  and 
von  Dusch  also  introduced  the  most  important  methods  in  use  at  present  in 
bacteriological  technique,  viz.  sterilisation,  closing  tubes  with  plugs  of  wadding, 
and  many  others,  as  well  as  the  methods  for  preservation  of  nutrient  material 
in  a  moist  condition.  The  first  technical  improvements  of  really  great  import- 
ance were  the  introduction  by  Koch  of  firm  nutritive  media  and  the  method 
of  plate  cultures.  The  researches  of  Schwann,  however,  also  made  a  further 
test  of  Liebig's  fermentation  theory  possible. 

Pasteur  showed  further  that  yeast  had  also  the  power  of  multijjlying  in 
pure  solutions  of  crystallised  substances,  such  as  various  salts  and  grape-sugar, 
and  of  producing  alcohol  and  carbonic  acid.  Inasmuch,  however,  as  both  the 
grape-sugar  and  the  salts  proved  to  be  indispensable  to  fermentation  as  well  as 
to  multiplication  of  the  yeast,  both  these  constituents  had  to  be  regarded  as 
nutrient  media,  necessary  for  the  metabolism  of  the  yeast.  Pasteur  thus 
believed  he  might  formulate  his  pihysiologiccd  thewy  of  fermentation  as  follows  : — 
That  the  yeast  required  the  grape-sugar  and  salts  for  nutrition  and  gave  off 
alcohol  and  carbonic  acid  as  metabolic  products.     He  could  not  maintain  his 
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theory  in  this  form,  however,  against  the  attacks  of  Liebig  and  others.  It  was 
seen  that,  in  the  presence  of  a  large  quantity  of  oxygen,  yeast  multiplied  rapidly, 
but  formed  only  a  small  amount  of  alcohol  and  carbonic  acid ;  while  in  fluids 
Avith  little  oxygen  the  growth  and  multiplication  of  the  yeast  were  greatly 
delayed,  but,  at  the  same  time,  much  alcohol  and  carbonic  acid  were  formed. 

The  further  researches  of  Liebig,  Pasteur,  Brefeld,  Mayer,  Hoppe-Seyler, 
Berard,  and  others  have  shown  that  similar  conditions  are  present  in  the 
processes  of  putrefaction.  Fermentation  and  putrefaction,  it  is  true,  pre- 
suppose the  presence  of  living  micro-organisms ;  but  they  are  not  simply  the 
metabolic  processes  of  the  lowest  living  organisms,  for  the  quantity  of  the 
products  yielded  by  fermentation  and  putrefaction  is  not  in  direct  proportion 
to  the  growth  and  multiplication  of  these  low  organisms.  They  are  very 
complicated  processes,  not  yet  satisfactorily  explained  in  all  their  particulars, 
in  which  many  unformed  ferments  are  generated,  and  these — acting  by  contact 
in  the  sense  of  Liebig's  theory  of  fermentation  and  putrefaction — cause  con- 
siderable chemical  decomposition. 

The  knowledge  obtained  by  means  of  these  researches  of  the  organisms 
which  cause  fermentation  and  putrefaction  proved  to  be  of  great  use  with  regard 
to  the  theory  of  infections.  Their  ubiquitous  character  was  first  noted,  since 
they  were  found  universally  in  nature  and  in  the  neighbourhood  of  man. 
Exactly  similar  organisms  were  subsequently  found  in  the  bodies  of  man  and 
animals  when  diseased.  In  1855  Pollender  and  Brauell  in  Dorpat  discovered 
the  contagiura  of  anthrax  in  the  shape  of  small  rod-shaped  bodies  circulating  in 
the  blood,  which,  in  external  appearance,  were  exactly  similar  to  certain  putre- 
factive organisms.  Brauell  had,  as  early  as  this,  succeeded  in  transmitting 
this  disease  to  healthy  animals  by  means  of  inoculation  with  blood  containing 
the  rods.  Davaine  afterwards  carried  out  these  inoculations  systematically, 
while  Pasteur,  Ferdinand  Cohn,  and  Koch  especially,  extended  our  knowledge 
of  these  infective  agents,  to  which  the  name  "  bacillus  anthracis  "  was  given,  and 
more  accurately  determined  their  morphological,  biological,  and  pathogenic 
properties.  In  the  meantime,  Recklinghausen  and  Klebs  had  succeeded  in 
demonstrating  the  round  pus-forming  schizomycetes  of  infective  diseases  of 
wounds  (in  the  years  1866-71).  The  improved  methods  of  staining  and  experi- 
mental technique  soon  produced  fresh  results,  one  of  the  most  important  of 
which  was  the  discovery  of  the  tubercle  bacillus  by  Koch.  It  was  now  possible 
in  many  infectious  diseases  to  demonstrate  histologically  the  invariable  presence 
of  the  contagmm  vivum  in  the  body  of  the  patient  or  in  the  cadaver,  to 
make  pure  cultures  of  this  contagium,  and  to  cause  it  to  multiply  outside  of  the 
animal  or  human  body,  and  finally,  to  generate  the  disease  anew,  exiDerimentally, 
by  inoculation  with  the  pure  cultures  (Koch's  Criteria). 

New  questions  now  arose.  How  do  these  living  infective  agents  act 
within  the  body  of  the  patient  1  What  conditions  determine  or  favour 
the  onset  of  the  disease  1  In  what  way  can  the  onset  of  the  disease  be 
guarded  against,  and  how  can  it  be  cured  when  once  established  1 

The  first  attempts  to  reply  to  these  questions  were  made  at  a  time  when  it 
was  only  possible  to  surmise  in  a  general  way  the  connection  between  putre- 
factive organisms  and  the  infective  schizomycetes  of  wounds.  In  the  year 
1853  Panum  was  the  first  to  produce  a  "putrid  poison"  in  the  form  of  an 
extract  from  putrefying  dog's  flesh,  freed  from  living  micro-organisms  by  boil- 
ing and  treatment  with  alcohol.  Schmiedeberg  and  Bergmann  subsequently 
isolated  from  putrefying  beer-yeast  a  poison  resembling  an  alkaloid,  in  small 
yellowish  acicular  crystals  (sulphate  of  sepsin).     In  the  dog  intravenous  injec- 
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tions  of  even  one  centigramme  produced  vomiting  and  ha3morrhagic  diarrhoea. 
Panum,  Hiller,  Ziilzer,  and  Sonnenschein  demonstrated  several  other  similar 
bodies  in  putrefying  substances.  The  first  important  step  towards  a  clear  com- 
prehension of  the  pathogenic  schizomycetes  was  thus  made.  The  improved 
methods  of  the  present  day,  however,  have  not  only  greatly  advanced  our 
knowledge  of  the  chemical  products  of  putrefaction,  but  have  also  been  the 
means  of  discovering  the  poisonous  metabolic  products  of  many  pathogenic 
schizomycetes.  It  appears  from  the  researches  of  Selmi,  Nenski,  Brieger,  and 
others  that  tliese  are  chiefly  bodies  resembling  alkaloids,  but  that  some  are 
unformed  ferments  which  act  as  virulent  poisons. 

From  these  researches,  which  are  still  being  eagerly  advanced,  we  learn 
that,  in  most  cases,  the  action  of  tlie  pathogenic  micro-organisms  is  chemical 
in  its  nature.  The  difference  between  them  and  the  simple  intoxications 
lies  in  the  fact  that  very  small  numbers  of  the  micro-organisms  invading 
the  human  body  multiply,  and  gradually  produce  the  amount  of  poison  required 
to  cause  the  disease.  Between  the  dates  of  infection  and  of  invasion  of  the  human 
body  by  the  micro-organisms  and  that  of  the  first  symptoms  of  the  disease, 
there  is  thus  a  longer  or  shorter  interval  of  apparent  health  or  of  only  slight  dis- 
turbance which  has  been  long  observed  clinically  and  has  been  called  the 
incubation  period.  After  this  incubation  period  has  expired,  the  symptoms  of 
disease  appear,  and  the  fact  that  these  symptoms  are  remarkably  similar  to 
those  produced  by  the  intoxications  is  of  great  importance  as  regards  our 
interpretation  of  the  nature  of  the  process. 

As  in  simple  intoxications  the  actions  of  the  infections  are  either  local 
or  general,  according  as  the  infecting  micro-organism  and  its  poisonous  metabolic 
products  remain  confined  to  the  place  of  its  first  invasion,  or  spread  through- 
out the  body  by  the  blood,  the  tissue  fluids,  and  the  lymph. 

In  the  local  actions  of  the  infections  we  find  the  same  changes  in  the  nerves, 
the  blood-vessels,  and  the  tissues  surrounding  them  as  in  the  local  actions  of 
poisons.  Local  circulatory  reactions  occur  chiefly  as  the  result  of  disturhances  of  the 
vaso-motor  innervation.  These  may  be  very  considerable,  but  are  sometimes 
slight  and  may  be  altogether  absent,  just  as  was  observed  in  the  actions  of 
poisons.  In  many  cases  the  tone  of  the  icalls  of  arteries  and  veins  is  disturbed, 
and  the  capillary  walls  are  directly  affected,  their  loermeahility  being  increased. 
These  changes,  accordingly,  result  in  extensive  saturation  of  the  tissues  with 
the  fluid  constituents  of  the  blood,  emigration  of  leucocytes,  diapedesis  of  red 
blood  corpuscles,  formation  of  punctiform  extravasations  of  blood,  and  even 
extensive  haemorrhages.  Associated  with  those  there  are  retrogressive  and  pro- 
gressive disturhances  of  tissue  nutrition,  local  death  of  tissue  (necrosis),  many 
secondary  degenerations  and  new  tissue  formations.  These  last  are  frequently 
regenerative  in  character  and  may  sometimes  occur  even  without  previous 
destruction  of  tissue,  as,  for  instance,  in  tuberculosis. 

The  different  combinations  of  these  local  reactive  phenomena  produce 
many  varying  symptoms  of  disease  which  from  early  times  have  been  usually 
classed  under  the  term  "  inflammation."  If  we  bear  in  mind  the  conclusions 
which  have  been  arrived  at  in  the  preceding  chapters,  we  may  describe  in- 
flammation in  its  essential  features  as  a  traumatic,  toxic,  or  infective  local 
lesion  (la'sio  traumatica,  toxica,  infectiosa  localis).  By  this  definition,  however, 
we  limit  the  idea  of  inflammation  considerably  as  contrasted  with  the  general 
use  of  the  word,  since,  as  a  rule,  those  changes  in  the  whole  organs  which 
depend  upon  general,  toxic,  and  infectious  diseases  are  also  described  as  inflam- 
mations.    The  fact  is,  there  are  very  few  forms  of  disease  which,  for  some  reason 
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or  other,  have  not  been  described  as  inflammations.  It  is  therefore  better  to 
reserve  the  consideration  of  inflammation  for  a  special  chapter. 

As  may  be  gathered  from  the  facts  ah^eady  stated,  the  analogy  between 
toxic  and  infective  local  pathological  conditions  is  very  complete,  even 
although  the  phenomena  vary  greatly  according  to  the  different  properties 
of  the  injurious  agent.  If  a  general  distinction  is  to  be  made  between  toxic 
and  infective  local  disease,  it  may  be  pointed  out  that  many  local  infections 
are  characterised  by  a  chronic  course  of  the  tissue  -  forming  processes. 
If  circulatory  reactions  and  the  over-nutrition  of  the  tissue  thus  induced  are 
present  at  the  same  time,  the  new  formation  of  tissue  is  not  infrequently 
so  great  that  the  possibility  of  the  co-operation  of  a  direct  formative  stimulus 
on  the  living  tissue  cells  must  be  admitted.  In  this  respect  also,  the  over- 
nutrition  of  the  tissues  brought  about  by  the  reactive  circulatory  disturbances 
is  of  great  importance  for  the  new  formation  of  tissue.  It  is  doubtful 
whether  the  over-nutrition  is  the  only  cause,  since,  at  present,  it  is  impossible 
to  obtain  convincing  proof  of  such  an  opinion,  owing  to  the  complicated  nature 
of  the  phenomena.  If  we  admit  the  possibility  that  these  minute  living 
organisms,  the  infective  agents,  can  produce  a  formative  stimulus  and  originate 
processes  of  new  formation  by  their  direct  action  on  the  living  cells  of  the 
tissues,  we  are  also  justified,  at  present  at  least,  in  regarding  the  chemical 
metabolic  products  of  the  micro-organisms  as  the  medium  of  this  formative 
stimulus.  If  this  be  the  case,  it  must  then  be  allowed  that  substances,  by 
their  chemical  action,  can  directly  excite  the  nucleus  and  protoplasm  of  the  cells 
to  division. 

The  general  actions,  also,  of  the  infections  on  the  human  body  show  no 
radical  diff"erences  from  the  general  actions  of  chemical  poisons.  This  applies 
to  those  cases  in  which  the  general  disease  is  due  to  the  absorption  by  the 
blood  of  the  poisonous  metabolic  products  generated  by  the  pathogenic 
micro-organisms  in  a  localised  area  of  infection  {general  infective  intoxication), 
as  well  as  to  those  cases  in  which  the  pathogenic  organisms  themselves 
invade  the  blood  and  pass  with  it  to  all  parts  of  the  body  where  they 
multiply  greatly  {general  infection).  The  pathological  conditions  Avhich  are 
produced  by  this  means — that  is,  the  general  actions  of  the  infections — vary 
greatly,  of  course,  in  the  diff"erent  forms  of  infective  disease,  but,  at  the  same 
time,  they  are  chiefly  made  up  of  the  same  elements  as  in  intoxications. 

In  general  infections  the  pathogenic  micro-organisms  have  very  frequently 
been  successfully  demonstrated  in  the  blood,  just  as  were  the  chemical  poisons 
in  general  intoxications.  The  blood,  as  in  poisoning,  often  shows  only  slight 
changes.  These  become  more  evident  after  death,  however,  when  the  blood 
becomes  dark  and  tar-like  in  appearance  "tWth  remarkable  rapidity.  In  other  cases 
the  majority  of  the  red  corpuscles  break  down  during  the  course  of  the  disease. 
While  this  is  going  on,  a  black  granular  pigment  may  be  formed  in  the  blood 
(melana^mia)  similar  to  that  formed  in  poisoning  with  carbon  bi-sulphide  and 
oxysulphide  of  carbon  (C.  Schwalbe).  More  frequently  the  free  haemoglobin 
is  excreted  by  the  liver  and  kidneys,  and  methasmoglobinuria  and  icterus  may 
set  in.  This  infective  icterus  is  by  no  means  common,  but  its  mode  of  origin 
agrees  in  all  particulars  with  the  toxic  icterus  which  has  already  been  thor- 
oughly discussed,  with  this  diff"erence,  that  in  this  case  the  haemoglobin  is 
set  free,  not  by  chemical  poisons  obtained  from  without,  but  by  the 
actions  of  the  micro-organisms  circulating  in  the  blood,  and  by  their  metabolic 
products. 

The  capillary  walls  are  very  frequently  aff'ected  by  the  general  pathological 
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conditions  caused  by  the  infections,  and  their  permeability  to  the  fluid  and 
solid  constituents  of  the  blood  is  greatly  increased.  This  increase  of  the 
pcrmeabilifi/  of  the  capillary  walls  manifests  itself  by  the  appearance  of 
ha3morrhages,  either  small,  multijDle,  and  punctiform,  or  larger  and  more 
extensive.  In  many  cases,  more  or  less  extensive  dropsical  effusions  (oedema) 
occur  along  with,  or  in  place  of,  these  haemorrhages,  in  almost  every  part 
of  the  body  and  especially  in  the  subcutaneous  tissue,  since  the  fluid  portion 
of  the  blood  especially,  i.e.  the  blood  plasma,  transudes  into  the  tissues  in  great 
quantity  as  a  result  of  the  changes  in  the  vessel  walls.  At  the  same  time, 
the  tone  of  the  arterial  wall  is  aftected ;  there  may  even  be  fatty  degeneration 
of  the  elements  of  the  inner  and  middle  coats  of  the  vessels.  It  need  hardly 
be  mentioned  that  all  these  changes  in  the  vessel  walls  cause  circulatory  disturb- 
ances. These  frequently  exert  a  marked  action  on  the  heart,  manifested  by 
increase  in  the  frequency  and  force,  and  sometimes  also  by  abnormal  rhythm 
of  its  contractions. 

The  injurious  substances  taken  up  by  the  blood  in  infections  very  fre- 
quently show,  as  in  intoxications,  special  affinities  for  particular  organs,  and 
these  accordingly  are  chiefly  affected.  If,  as  often  happens  in  infections  also, 
the  exciting  cause  of  the  disease  makes  no  api)reciable  changes  at  the  point 
of  entrance  into  the  body,  the  pathological  condition  of  an  internal  organ  may 
appear  to  be  a  primary  local  disease  from  which  the  general  disease  originated, 
whereas  more  careful  examination  shows  the  disease  of  the  organ  to  be  the 
result  of  the  general  disease. 

The  nervous  system  and,  above  all,  the  central  nervous  system  is  by 
far  the  most  susceptible  to  general  infective  disease.  The  centres  which 
regulate  circulation,  respiration,  and  temperature  are  particularly  apt  to  be 
affected.  These  disturbances  are  partly  the  cause  of  that  most  variable 
group  of  symptoms  which,  since  early  times,  has  been  described  as  fever. 
Together  Avith  the  acceleration  of  the  pulse  and  respiration  the  body 
temperature  rises,  often  in  a  very  typical  and  characteristic  manner,  passing 
through  very  dissimilar  courses  in  difterent  infective  diseases.  This  pyrexia, 
which  invariably  accompanies  many  infective  diseases,  is  found  in  only  a 
few  intoxications  with  chemical  poisons.  It  has  already  been  mentioned  as  occur- 
ring in  poisoning  with  /5-Tetrahydronaphthylamin,  bi-sulphide  and  oxysulphide 
of  carbon,  and  fibrin  ferment.  Inasmuch,  however,  as  the  rise  of  body  tempera- 
ture does  sometimes  occur  in  chemical  intoxications,  although  less  frequently 
than  in  infections,  there  is  no  peculiarity  in  this  respect  Avhich  would  constitute 
a  radical  distinction  between  intoxications  and  infections.  Its  frequent  occur- 
rence in  general  infective  intoxications,  as  in  general  infections,  gives  them  in 
many  instances  a  special  character  which  facilitates  the  diagnosis  of  the 
disease.  It  must  not  be  forgotten  that  the  pyrexia  is  associated  with  a 
great  consumption  of  the  albumen  in  circulation  and  in  the  organs,  so  that  in 
itself  it  implies  serious  injury.  It  is  also,  accordingly,  frequently  combined 
with  considerable  impairment  of  the  functions  of  the  cerebrum,  with  the  appear- 
ance of  psychical  excitement,  delirium,  or  stupor,  and  somnolence  which  may 
amount  to  unconsciousness. 

The  other  organs  for  which  the  injurious  substances  circulating  in  the  blood 
in  infective  diseases  manifest  a  special  affinity  are  mainly  the  mucous  membranes 
of  the  digestive  and  respiratory  tracts,  in  which,  in  addition  to  catarrhal,  croupous, 
and  diphtheritic  processes,  ulcers  may  be  formed.  Characteristic  glandular  swellings 
in  the  lymphatic  system  also  occur  sometimes,  and,  besides  the  hiiemorrhages  and 
oedema  already  mentioned,  red  spots  may  often  be  observed  on  the  skin,  varying 


GENERAL  ACTIONS  53 


in  shape  and  size.  These  are  caused  by  congestion  of  individual  capillary  areas 
of  the  skin.  Vesicles  with  clear,  purulent,  or  htemorrhagic  fluid  contents,  may 
also  occasionally  be  formed  under  the  epidermis.  These  exanthemata  of  infectious 
disease  are  often  of  great  diagnostic  importance ;  but  similar  appearances  may 
be  seen  in  the  intoxications  also.  The  frequent  presence  of  renal  disease  is 
also  common  to  both  infections  and  intoxications.  On  the  other  hand,  swelling 
of  the  spleen,  the  so-called  splenic  tumour,  is  very  frequently  found  in  infections, 
especially  in  those  which  have  a  pyrexial  course,  but  is  absent  as  a  rule  in 
intoxications.  It  is  well  known,  however,  that  such  splenic  tumours  are 
observed  in  phosphorus-poisoning  and  are  present  in  many  other  intoxications, 
although  they  are  usually  much  less  noticeable  in  those  cases. 

Phosphorus -poisoning  presents  other  important  points  of  resemblance  in 
regard  to  the  general  disturbances  of  metabolism  which  usually  accompany  the 
rise  of  temperature  associated  with  the  infections.  These  pyrexial  rises  of 
temperature  are  often  assisted  and  hastened,  especially  in  the  initial  stages 
of  the  disease,  by  a  contraction  of  the  vessels  of  the  skin.  The  skin  in  such 
cases  is  supplied  with  only  a  small  c^uantity  of  blood  and  feels  chilled  in 
consequence,  giving  off  less  heat  externally  than  normally.  The  heat  formed 
in  the  interior  of  the  body  must,  therefore,  accumulate  and  contribute  to  the 
rise  of  temperature  in  the  interior  of  the  body.  The  chief  source  of  the 
pyrexia,  however,  notwithstanding  this  augmentation,  is  an  increase  of  the  heat- 
production  brought  about  by  an  increase  of  chemical  decomposition.  This 
increased  decomposition  is  at  the  same  time  associated  with'  more  or  less  exten- 
sive disturbances  of  the  assimilation  of  food  and  power  of  absorption  in  the 
intestine,  and,  just  as  in  phosphorus-poisoning,  with  retardation  of  the  processes 
of  oxidation.  Under  these  conditions  abnormal  degenerative  processes  neces- 
sarily take  place,  especially  in  those  organs  which  form  the  principal  sources  of 
heat  in  the  human  body,  in  the  heart,  the  skeletal  muscles,  and  the  great 
abdominal  glands,  the  liver  and  kidneys.  These  abnormal  metabolic  processes 
frequently  manifest  themselves  histologically  also  by  diffuse  cloudy  swelling  of 
the  parenchyma  of  the  organs,  which  may  pass  on  to  fatty  degeneration  of  their 
cellular  elements.  The  liver  is  especially  liable  to  these  disturbances.  Perhaps 
the  poisonous  products  of  the  infective  agents  accumixlate  in  it  more  than  in 
other  organs,  as  is  the  case  with  the  chemical  poisons. 

It  is  not  only  the  infections  characterised  by  a  heightened  temperature 
that  are  associated  with  such  serious  general  disturbances  of  metabolism. 
Precisely  similar  histological  changes  are  found  developed  in  the  apyrexial 
infections,  though  certainly  to  a  less  degree.  If  the  infections  are  divided  into 
cbcute  and  chronic,  the  acute  are  distinguished  by  a  shorter  course,  terminated  in 
a  few  weeks,  while  the  chronic  are  not  infrequently  prolonged  over  several 
years.  It  remains  to  be  noted  that  in  both  forms  there  are  general  dis- 
turbances of  nutrition,  characterised  by  cloudy  swelling  or  fatty  degeneration, 
especially  of  the  liver,  the  kidneys,  and  the  heart-muscle,  and,  associated  with 
these,  there  is  frequently  a  remarkable  diminution  of  the  subcutaneous  fat, 
the  muscles,  the  skeleton,  and  nearly  all  the  other  organs  in  both  the  pyrexial 
and  apyrexial,  the  acute  and  the  chronic  infections.  These  disturbances  may 
be  transient,  and  regeneration  and  restitution  take  place  after  recovery,  but 
they  may  also,  however,  cause  a  fatal  result  by  consecutive  serious  functional 
disturbances  in  the  liver,  the  kidneys,  the  central  nervous  system,  and,  above 
all,  the  heart. 

This  account  has  brought  into  particular  prominence  the  many  points  of 
agreement  between  the  infections  and  the  intoxications.     The   differences  in 
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the  properties  of  the  injurious  agents  now  alone  remain  to  be  described.  These 
properties  of  the  pathogenic  micro-organisms,  however,  show  many  character- 
istics which,  when  closely  examined,  prove  to  be  of  some  importance. 

The  injury  to  the  body  arising  from  the  loss  of  a  certain  amount  of 
valuable  nutritive  material  by  the  metabolism  of  the  pathogenic  micro-organisms 
and  parasites  may  certainly  be  of  only  slight  importance.  It  is  only  in  certain 
isolated  cases  too  that  pathogenic  microbes  supplant  the  micro-organisms  normally 
present  in  the  intestinal  contents,  which  are  of  such  great  importance  for  the 
processes  of  digestion,  and  in  this  waj^  disturb  the  physiological  symbiosis  between 
man  and  the  micro-organisms,  to  the  detriment  of  the  former.  In  the  same  way 
it  is  very  seldom  that  mechanical  disturbances  of  the  circulation  of  the  fluids 
of  the  body,  the  blood,  or  the  lymph  are  produced  by  microbes,  so  that  this 
also  hardly  comes  under  consideration  in  a  general  account.  On  the  other  hand, 
the  series  of  conditions  which  determine  the  onset  of  the  disease  after  the  en- 
trance of  chemical  poisons  and  infective  material  is  of  great  interest.  There  are 
some  important  differences  in  this  respect  between  intoxications  and  infections. 

It  has  often  been  observed  that  many  species  of  animals  are  not 
susceptible  to  certain  chemical  substances  which  are  highly  poisonous  for  man, 
and,  vice  versd,  that  the  human  body  bears  comparatively  well  some  poisons 
which  are  very  injurious  to  the  lower  animals.  Thus  the  hedgehog  bears  large 
doses  of  cyclamin  (Robert),  a  virulent  poison  for  man  ;  while,  on  the  other  hand, 
man  is  hardly  injured  by  naphthalin,  which  proves  rapidly  fatal  to  many  of 
the  lower  animals.  We  have  here  to  deal  with  very  different  organisations, 
however,  and  thus  the  appearance  of  such  differences  in  the  actions  of  poisons  is 
not  surprising.  If  the  consideration  of  the  actions  of  chemical  poisons  be  limited 
to  man,  a  great  similarity  will  be  found  in  these  actions.  Of  course,  the  smallest 
effectual,  and  minimum  lethal  doses  vary  to  a  certain  extent  in  different  indi- 
viduals, but  apart  from  such  slight  differences  the  reaction  to  chemical 
poisons  in  different  individuals  is  essentially  the  same,  especially  if  we  leave 
out  of  account  the  toleration  of  certain  poisons.  In  this  we  are  all  the  more 
justified,  since  this  toleration  of  large  quantities  of  poison  may  be  equally  well 
acquired  by  all,  or,  at  least,  by  most  individuals.  Such  a  uniformity  of  reaction  to 
the  infective  organisms  is  not  found  as  a  rule.  While  one  individual  takes  the 
infection  very  slightly,  many  others  are  much  more  seriously  affected,  and  many 
may  expose  themselves  with  immunity  to  infective  poisons  without  being  affected 
at  all.     Such  individuals  are  said  to  be  immune  toward  certain  infections. 

This  immunity  of  some  individuals  toward  infective  agents  to  which  others 
easily  succumb,  can  only  be  explained  by  a  difference  in  the  condition  of  the 
individual.  Inasmuch,  however,  as  these  differences  are  so  slight  that  they 
cannot,  as  a  rule,  be  determined  by  our  present  methods  of  investigation,  we 
are  forced  to  assume  that  the  infective  agents  are  very  susceptible  to  trifling 
differences  in  the  organism  they  infect.  This  susceptibility  of  the  infective 
agent  is  manifestly  a  peculiarity  connected  with  their  own  proper  metabolism — 
a  peculiarity  which  belongs  chiefly,  if  not  exclusively,  to  the  animate  infective 
poisons  as  oj^posed  to  the  inanimate  chemical  poisons. 

The  immunity  of  some  individuals  depends  partly,  however,  on  the  fact 
that  the  living  body  of  man  and  animals  generally  offers  a  certain  resistance 
to  the  further  development  of  the  micro-organisms  which  have  penetrated  from 
without.  In  this  connection,  a  struggle  between  the  living  cells  of  the  human 
body  and  the  living  cells  of  the  micro-organisms  has  been  suggested.  Certain 
varieties  of  cells,  especially  the  white  cells  of  the  blood  and  lymph  and  the 
wandering  cells  of  the  tissues,  were  supposed  to  devour  the  invading  pathogenic 
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organisms  and  to  destroy  them  (phagocytes  of  Metschnikoft).  Such  phago- 
cytosis undoubtedly  does  occur,  but  the  tissue  cells  do  not  always  come  off 
victors  in  the  struggle,  as  is  shown  specially  Avell  in  leprosy.  Further 
researches  show  that,  as  a  rule,  the  character  of  the  fluid  and  solid  constituents 
of  the  human  body  is  unfavourable  to  the  development  of  pathogenic  micro- 
organisms, that  the  blood  plasma  and  the  fresh  tissue  fluids,  especially,  are 
able,  within  certain  limits,  to  destroy  bacteria.  Fortunately,  the  human  body 
is,  by  virtue  of  the  properties  of  all  its  constituents,  a  nutritive  medium 
little  suited  for  the  development  and  multiplication  of  the  animate  infective 
agents,  as,  otherwise,  the  human  race  would  be  soon  exterminated. 

A  most  important  fact  which  has  long  been  known,  is  closely  related  to 
these  observations.  One  attack  of  many  infective  diseases,  e.g.  small-pox  or 
typhoid,  increases  the  power  of  resistance  in  the  person  who  has  recovered 
toward  further  infection  of  the  same  kind.  In  this  way  an  acquired  im- 
munity is  obtained,  and  this  fact  was  taken  advantage  of  to  produce  immunity 
artificially.  Originally,  the  contents  of  the  small-pox  pustule  Avere  used  for 
this  purpose,  and  by  this  means  a  true  infection,  as  a  rule,  mild  in  its 
course,  was  caused  which  certainly  gave  great  protection  from  serious  forms, 
but  which  exposed  the  patient  to  most  of  the  dangers  of  the  disease  from 
Avhich  it  was  supposed  to  protect.  It  was,  therefore,  a  great  step  in  advance 
when  Jenner  introduced  milder  inoculating  material,  the  lymph  of  cow-pox 
especially,  for  protective  inoculations,  and  Pasteur  has  shown  generally  that 
many  infective  agents  may  be  artificially  converted  into  inoculating  material, 
milder  but  still  protective,  b}^  cultivating  them  under  unfavourable  conditions. 
These  results  are  also  manifestly  connected  with  the  fact  that  the  healthy 
human  body  in  itself  opposes  a  certain  resistance  to  infections,  for  the 
changes  Avhich  remain  in  the  human  body  after  such  protecting  inoculations 
cannot  be  radical,  even  when  they  are  effectual. 

The  great  importance  of  even  trifling  changes  in  the  relation  of  the  human 
body  towards  the  poison  of  infections  is  further  shown  in  mixed  infections. 
These  frequently  run  their  course  in  such  a  way  that  one  infection  renders 
the  human  body  highly  susceptihle  to  infection  with  other  poisons.  This  fact  is  of 
exceptional  importance  for  the  physician,  and  is  very  strikingly  manifested  in 
typhoid  for  instance.  It  is  known  that  any  serious  operation  performed  during 
this  disease  usually  I'uns  an  unfavourable  course.  Other  facts  also  show  that 
typhoid  causes  changes  which  render  the  body  less  resistant  to  infection 
with  septic  and  pus-forming  poisons,  therefore  less  resistant  to  infection  from 
wounds.  The  mortality  in  typhoid  would  undoubtedly  be  reduced  more  than 
one-half,  if  it  were  possible  to  exclude  the  extremely  frequent  occurrence  of  com- 
plications, such  as  suppuration  of  the  parotid  and  cellular  tissue  of  the  neck, 
abscesses  in  the  lymph  glands,  liver,  and  muscles,  furuncle  and  erysipelas  of 
the  skin,  purulent  exudations  into  the  brain  membranes,  and  septic  and 
gangrenous  disease  of  the  lung;  and  yet  these  disturbances  originate,  in 
many  cases,  in  unimportant  fissures  of  the  skin,  in  small  cracks  in  the  dry 
mucous  membrane  of  the  tongue,  or  in  arrest  of  the  salivary  secretion — 
conditions  which  may  be  avoided  by  suitable  nursing  and  sufiicient  supply 
of  drinks  to  allay  the  thirst  of  the  patient.  In  many  cases  the  intestinal  ulcers 
in  typhoid,  or  abrasions  elsewhere,  form  the  starting-point  of  secondary  infec- 
tion, and  of  these  sources  only  the  latter  seem  accessible,  to  a  certain  extent, 
to  prophylactic  treatment. 

The  course  of  infective  diseases,  which  may  occasionally  be  much  prolonged, 
depends  upon  the  nature  of  the  infective  poison — a  fact  which  also  serves  to 
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differentiate  them  to  a  certain  degree  from  the  intoxications.  A  single  adminis- 
tration of  a  chemical  poison  produces  an  illness  which  tends  to  terminate,  in  a 
comparatively  short  time,  in  recovery  or  death,  and  only  in  a  few  cases  results 
in  a  long  illness.  The  chemical  poison  is  excreted  in  a  longer  or  shorter  time 
after  its  absorption ;  the  infective  material,  however,  reproduces  itself  as  a 
living  organism.  Thus  infective  disease  may  last  for  many  years  before  the 
patient  succumbs.  In  other  cases  recovery  sets  in  sooner  or  later.  The  sup- 
position has  frequently  been  advanced  that  the  pathogenic  micro-organisms 
exhaust  the  human  body  in  the  same  way  as  putrefactive  organisms  exhaust  a 
fluid  capable  of  putrefaction.  If  a  pure  culture  of  micro-organisms  is  inoculated 
into  a  given  quantity  of  suitable  nutrient  medium,  free  from  germs,  it  develops 
rapidly  at  first,  and  in  a  few  days  increases  to  a  dense  colony,  easily  seen  by 
the  naked  eye.  An  arrest  of  growth  then  occurs  more  or  less  suddenly  and 
the  culture  may  even  die,  either  because  the  nutritive  medium  is  exhausted  and 
deprived  of  an  element  necessary  for  the  existence  of  the  organisms,  or  in 
many  cases,  because  they  themselves,  by  their  metabolism,  generate  certain 
chemical  bodies  which,  like  the  phenol  combinations  (E.  Baumann),  either  kill 
the  organisms  or  arrest  their  further  development. 

Complete  exhaustion  of  the  nutritive  substances  in  the  human  body 
necessary  for  the  existence  of  the  micro-organisms,  is  not  compatible  Avith  the 
recovery  for  which  it  is  supposed  to  account.  This  must  also  be  true  with 
regard  to  the  great  accumulation  of  the  metabolic  products  of  the  micro- 
organisms. Here,  also,  we  must  bear  in  mind  that  the  living  body  usually 
offers  resistance  to  the  development  of  the  micro-organism  by  means  of  the 
chemical  properties  of  its  constituents,  and  that  a  trifling  increase  of  this 
resistance  is  sufficient  to  expel  the  invading  organisms.  Such  a  trifling  in- 
crease of  resistance  may  quite  well  be  accounted  for  by  a  slight  accumulation 
of  the  metabolic  products  of  the  micro-organisms ;  but  in  many  diseases  other 
factors  probably  aid  in  bringing  about  recovery. 

It  has  been  proved  that  many  infective  substances  are  not  easily  conveyed 
directly  from  man  to  man,  but  must  first  pass  through  an  intermediate  stage 
outside  the  body  before  they  can  again  successfully  attack  man. 

These  considerations  show  that  there  are  many  important  differences  between 
intoxications  and  infections.  The  opinion,  however,  that  the  pathogenic  micro- 
organisms act  chiefly  by  means  of  the  chemical  properties  of  their  metabolic 
products  demands  thorough  examination.  If,  according  to  this  opinion,  infec- 
tive disease  is  to  be  correctly  regarded  as  a  poisoning  by  the  metabolic  products 
of  the  micro-organisms,  it  must  be  possible,  also,  to  find  an  antidote,  when  this 
poison  has  been  obtained  pure,  and  by  this  means  to  discover  effectual  remedies 
for  the  infectious  diseases,  which  would  subdue  the  functional  disturbances  (and 
thus,  according  to  the  usual  expression,  be  symptomatic  in  their  nature,  inasmuch 
as  they  relieve  the  symptoms  of  disease).  The  susceptibility,  already  mentioned, 
of  the  pathogenic  micro-organisms  to  a  trifling  increase  of  the  resistance  of 
the  human  body  justifies  the  further  hope  that  it  will  be  possible  to  arrest  the 
growth  and  development  of  the  micro-organisms  invading  the  body  and  to  destroy 
them  by  chemical  remedies.  The  aim  of  the  physician — the  removal  of  the 
cause  of  the  disease  at  whatever  stage  it  may  have  reached — would  then  be 
attained.  So  far,  certainly,  only  meagre  results  have  been  obtained  in  this 
direction.  The  doctrine  of  contagium  vivum  and  the  information  already  ob- 
tained as  to  the  characters,  mode  of  spread,  and  conditions  of  life  of  the  pathogenic 
organisms,  have  in  very  many  v/ays  enabled  us  to  use  successful  prophylaxis 
against  infective  diseases,  which  can  only  be  briefly  referred  to  in  the  following 
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consideration  of  the  individual  pathogenic  organisms.  Universal  and  complete 
success  is  not  to  be  obtained  in  regard  to  prophylaxis.  "We  are  not  in  a 
position  to  cut  ourselves  otf  from  the  external  world,  so  that  any  infection 
Avould  be  impossible.  The  wide  distribution  of  the  pathogenic  micro-organisms 
in  the  vicinity  of  man  makes  this  apparently  impossible.  We  are  only  able  to 
greatly  diminish  the  probabilities  of  the  onset  of  the  disease,  and  so  to  strengthen 
our  body  that  it  may  endure  the  disease,  Avhen  declared,  with  a  prospect  of 
success. 
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I.  Schizomycetes  or  Fission -Fungi 
A.  General  Morphology 

The  schizormjcetes,  fission-fungi,  or  bacteria  in  the  broad  sense  of  the  word 
are  unicellular,  vegetable  organisms  of  the  loAvest  stage  of  development,  which 
never  contain  chlorophyll.  Their  morphology  includes  a  fairly  extensive  series 
of  varieties  of  which  only  those  forms  which  are  of  pathological  importance 
can  be  considered  here.  For  the  non-pathological  forms,  the  works  of  Ferd. 
Cohn,  Niigeli,  de  Bary,  Zopf,  Fliigge,  and  others  must  be  referred  to. 

Among  the  pathogenic  schizomycetes  the  following  varieties  are  distin- 
guished : — 

1.  Micrococcus,  very  small,  spherical,  more  or  less  strongly  refractile 
bodies.  It  is  known  that,  according  to  the  views  held  at  present  in  theoretical 
optics,  the  capacity  of  our  eye  and  our  optical  instruments  is  limited  by  the  size 
of  the  light  waves.  Even  if  the  magnification  be  increased  at  will,  no  bodv 
or  structure  can  be  perceived,  with  central  illumination  of  the  microscope, 
which  is  smaller  than  the  length  of  a  light-wave  (0*0004  to  0"0007  mm.), 
and  by  the  utmost  oblique  illumination  this  limit  is  only  extended  to  half  the 
length  of  a  light-wave  (0'0002  to  0"0003  mm.)  Since  the  micrococci  do  not, 
as  a  rule,  much  exceed  this  limit,  no  definite  structure  can  be  demonstrated  in 
their  interior.  It  is  only  in  the  larger  schizomycetes  that  the  diflerentiation 
of  certain  component  structures,  to  be  afterwards  described,  can  be  made  out. 
The  micrococci  occur,  in  many  cases,  as  separated  scattered  formations  ;  some- 
times they  are  collected  into  smaller  or  larger  groups.  The  following  terms 
are  used  to  describe  them  : — 

(a)  Diplococcus,  individual  cocci  grouped  in  pairs. 

{h)  Streptococcus,  the  separate  cocci  arranged  in  rows  or  chains. 

(c)  Staphylococcus,  the  separate  cocci  arranged  in  grape -like  clusters  or 
groups. 

{(l)  Merismopcedia,  every  four  individual  cocci  in  the  same  plane  are  arranged 
at  right  angles  to  each  other. 

(e)  Sarcina,  every  eight  separate  cocci  correspond  to  the  eight  angles  of  a 
cube  and  together  form  a  packet. 

(/)  Ascococcus,  groups  of  micrococci  enclosed  in  a  shining  homogeneous 
membrane. 

(g)  Zoogloea,  masses  of  micrococci  rolled  together  into  balls  or  collected  to 
form  a  pellicle.  The  zoogloea  may  be  formed  by  continuous  division  of  a 
single  schizomycete,  or  by  the  combination  of  numerous  elements  of  varying 
origin.  In  both  cases  a  cement  substance,  the  glia,  secreted  by  the  schizomy- 
cetes, serves  to  unite  them.  The  zoogloea  which  are  formed  by  the  continuous 
division  of  one  schizomycete,  are  distinguished  Ijy  their  uniform  size  and  the 
mutual  equidistance  of  the  separate  schizomycetes.  These  peculiarities  are 
easily  explained,  if  it  is  demonstrated  by  continuous  observation  that  all  the 
individuals  are  of  the  same  generation. 

\  Associated  with  the  spherical  are  the  rod-shaped  schizomycetes,  of  which 
two-  varieties  are  usually  distinguished. 

i\.  Bacterium,  straight,  thick,  rod-shaped  structures,  the  length  of  which  is 
twice\or  thrice  their  breadth. 

3.  Bacillus,  straight,  slender  structures,  whose  length  is  more  than  three 
times  their  breadth. 
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When  spore  formation  is  going  on,  these  little  rods  frequently  become  spindle 
or  club  shaped,  and  the  spindle-shaped  schizomycetes  are  sometimes  called  Clos- 
tridium. By  the  combination  of  the  rod-bacteria  to  form  groups,  some  further 
varieties  are  formed,  ^yhich  may  be  set  down  as  sub-varieties  : — ■ 

(a)  Leptothrix,  long  threads  formed  by  rods  arranged  in  chains. 

(b)  Cladothrix,  long  threads  furnished  with  pseudo-branches,  which  are  also 
made  up  of  single  rods.  The  branching  appearance  is  caused  by  a  single  member 
of  a  long  jointed  thread  bending  out  of  the  row,  and  thus  furnishing  the 
starting-point  of  a  new  thi'ead,  which  remains  connected  with  the  first. 

(c)  Zooglcea,  clustered  groups  or  pellicles  of  rods  formed  of  bacteria  or 
bacilli.      Like  the  zoogloea  composed  of  cocci,  these  rod-zoogloea  are  formed 
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Fig.  9. — a,  Micrococci ;  h,  diplococci ;  c,  streptococci ;  d,  staphylococci ;  e,  merismopcedia ;  /,  sarcinsB  ;  g, 
ascococcus ;  h,  zoogloea  of  cocci ;  i,  bacterium ;  fc,  bacillus ;  I,  leptothrix ;  m,  cladothrix ;  n,  zooglcEa  of 
bacilli ;  o,  spirillum  ;  'p,  vibrio  ;  q,  spirochsete. 


either  by  repeated  division  of  a  single  schizomycete,  or  by  the  grouping 
together  of  schizomycetes  from  various  sources.  The  secretion  of  a  glia  cover- 
ing uniting  the  separate  members  is  distinctive  here,  as  was  already  mentioned 
in  regard  to  the  cocci-zoogloea. 

4.  Spiro-bacterium,  rods  and  threads  which  are  spirally  curved.  There 
are  distinguished  : — • 

(a)  Sjjirillum,  spirals  of  comparatively  great  size  formed  of  relatively  thick 
threads  with  short  curves. 

(h)   Vibrio,  similar  to  the  previous  variety,  but  with  long  curves. 

(c)  Spirochcete,  spirals  formed  of  very  thin  threads,  with  numerous  short 
curves. 

The  separate  varieties  of  schizomycetes,  whose  developmental  history  can 
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be  followed  in  pure  cultures,  very  often  appear  in  only  one  of  the  forms  just 
described.  Many  schizomycetes  are  known,  however,  which  pass  through  several 
of  the  above  forms  during  their  development.  If  the  separate  varieties  be 
examined  somewhat  more  closely,  a  difference  between  the  cell-membrane  and 
the  cell-contents  can  be  made  out,  in  the  larger  varieties  at  least. 

The  cell-contents  of  the  schizomycetes  consist,  according  to  the  researches 
of  i^enski,  of  an  albuminoid  material,  mycoprotein.  In  a  few  cases  bodies  have 
been  demonstrated  in  the  cell-contents  which  become  blue  on  the  addition  of 
iodine,  even  when  the  ground  substance  seemed  to  be  completely  free  from 
starch-like  substances.  Free  colouring  material  (bacteriopurpurin)  is  also  occa- 
sionally found  in  the  cell-contents,  and  in  many  free-living  schizomycetes  sul- 
phur granules  are  also  present.  In  the  absence  of  these  last  the  contents  of  the 
lining  schizomycetes  appear  homogeneous  as  a  rule. 

By  means  of  suitable  methods  of  staining,  Ernst  succeeded  in  demonstrating 
small  solid  structures  in  the  cell-contents  which,  according  to  him,  are  con- 
nected with  the  formation  of  spores,  and  represent,  in  some  measure,  a  pre- 
liminary stage  of  the  spores. 

Note. — Biitsclili,  in  a  very  interesting  series  of  investigations,  has  tried  to  demonstrate  that 
the  bodies  of  bacteria  are  made  up  of  three  parts — a  homogeneous  membrane,  a  cortical  layer, 
and  a  central  body  (see  Fig.  10).  The  cortical  layer  and  central  body  are  supposed  to  possess  a 
honeycomb  structure,  and  consist  of  a  network  of  plasma,  which  surrounds  honeycomb-like 
spaces  filled  %vith  a  homogeneous  substance  (enchylema).  The  cortical  layer  is  supposed  to  be 
sometimes  present  in  the  poles  only  of  the  rod-bacteria,  or  to  be  entirely  absent.  It  corre- 
sponds to  the  protoplasm,  while  the  central  body  would  be  the  nucleus.  Ernst's  bodies  are  sup- 
posed to  be  situated  in  the  plasma-stroma.  This  author  sought  to  support  his  views  by  the 
demonstration  that  in  related  organisms,  and  even  in  the  vertebrata,  the  nucleus  has  a  similar 
structure.  Ernst's  bodies  are  supposed  to  represent  the  chromatin  granules  of  the  animal 
cell  nucleus. 

In  many  schizomycetes  the  cell-membrane  also  consists  of  mycoprotein  (Xenski 
and  SchafFer) ;  in  a  few  it  appears  to  yield  the  cellulose  reaction  (Xageli,  Low, 
Bunge).  It  may  appear  tinted  by  the  presence  of  yellow,  red,  green,  or  blue 
pigment.  The  membrane  may  be  thickened,  and,  as  in  many  free -living 
schizomycetes,  may  form  a  kind  of  capsule.  It  is  a  fact  of  great  importance 
that  many  schizomycetes  secrete  a  peculiar  glia  substance,  which  was  looked 
upon  as  a  gelatinous  transformation  of  the  cell -membrane,  or  at  least  of  its 
external  layers.  It  is  this  gelatinous  substance  which  unites  the  individual 
schizomycetes  into  a  colony.  It  can  also  be  shown  to  surround  certain 
diplococci  and  single  schizomycetes.  It  also  forms  the  substance  Avhich  binds 
together  the  chains  and  rows  of  cocci  and  rods,  the  streptococci,  merismopcediae, 
and  sarcinte,  the  various  forms  of  leptothrix  and  cladothrix,  and  the  spiro-bacteria. 

Schizomycetes,  when  floating  free  in  a  fluid,  frequently  show  Brownian 
molecular  movements  like  those  which  may  be  seen  under  high  powers  of  the 
microscope  in  small  granules  of  pigment  floating  in  water.  Many  schizomycetes 
have  also  independent  movement.  They  move  rapidly  in  various  directions, 
usually  with  short  pauses.  The  distance  they  traverse  seems  very  small,  except 
under  a  high  power.  Bacilli  generally  shoot  forwards  in  peculiar  zigzag  fashion, 
while  the  spiro-bacteria  move  in  spirals.  It  has  been  possible  to  demonstrate 
special  motor  organs  in  many  schizomycetes,  flagella,  or  cilia ;  these  may  be 
single,  double,  or  triple  (see  Fig.  10). 

Multiplication  of  the  schizomycetes  takes  place  chiefly  by  fission  or  division. 
"When  a  large  quantity  of  nutrient  material  is  available,  and  the  other  con- 
ditions which  promote  free  growth  are  present,  the  multiplication  by  division 
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is  specially  likely  to  exceed  all  other  forms  of  reproduction.  Spore  formation 
is  very  frequently  observed  when  the  nutritive  medium  is  being  gradually 
exhausted,  or  under  abnormal  degrees  of  temperature.  There  may  be  dis- 
tinguished : — 

1.  Endogenous  Spore  Formation. — In  the.  interior  of  a  schizomycete  a 
small  shining  sphere  appears  which,  growing  gradually  larger,  may  exceed  the 
transverse  section  of  the  rod  in  diameter.  If  the  spore  is  situated  about  the 
middle  of  the  rod,  this  becomes  swelled  or  bulged  out  into  a  spindle  shape 
(Clostridium).  Spores  at  the  poles  of  the  rods  give  them  a  nail  or  dumb-bell 
shape  (see  Fig.  10). 

2.  Arthrospores. — In  a  chain  of  bacilli  or  cocci  separate  joints  become 
transformed  into  shining  spheres  (Fig.  10)  Avhich  are  proved  to  be  permanent 
spores  by  their  resistance  to  external  influences.  The  spores  appear  as  rounded, 
shining,  spherical  bodies.  They  are  very  often  distinguished  by  great  resistance 
to  external  influences.  Cohn  was  the  first  to  show,  in  regard  to  the  spores  of 
the  hay  bacillus  or  bacillus  subtilis, 
that  they  survive  boiling  heat 
without  dying,  and  without  losing 
their  power  of  proliferation.  This 
has  since  been  demonstrated  in 
regard  to  the  spores  of  many  other 
schizomycetes.  Many  spores  are 
also  extremely  resistant  to  desicca- 
tion {Lnftsporen  or  air  spores,  Bill- 
roth), while  other  spores  can  only 
exist  in  moist  surroundings  (JFasser- 
spjoren  or  ^vater  spores,  Billroth). 

Under  favourable  circumstances 
a  new  generation  of  schizomycetes 
develops  from  the  spores.  The 
appearances  observed  during  this 
process  have  been  minutely  de- 
scribed by  Brefeld  and  Proz- 
mowski.  The  spore  first  swells  up, 
as  it  does  generally  in  vegetable 
organisms,   and  in  doing   so   loses 

its  very  refractile  appearance ;  then  the  spore  membrane  bursts  and  the  young 
germ  pushes  out  through  the  opening.  It  assumes,  as  a  rule,  the  shape  and 
size  of  the  schizomycete  which  produced  the  spore. 


Fig.  10. — '(,  Bacilli  with  cilia  ;  6,  bacilli  with  medially 
situated  endogenous  spores  ;  c,  bacilli  with  terminally 
situated  endogenous  spores ;  d,  streptococcus  with 
arthrospores  ;  c,  structure  of  bacillus  according  to 
BUtschli. 


B.  General  Biology 

The  investigation  of  the  processes  of  fermentation  and  putrefaction  was 
the  starting-point  of  biological  research  as  regards  the  micro-organisms.  It 
was  soon  found,  however,  that  these  processes  were  of  a  very  complicated 
nature.  In  the  fermentation  of  grape-juice,  which,  in  the  first  stage,  contains 
all  sorts  of  germs,  the  yeast  fungus  or  blastomyces,  which  transforms  the  grape- 
sugar  into  alcohol,  is  chiefly  developed.  Provided  that  a  sufficient  quantity  of 
grape-sugar  is  present,  this  process  comes  to  an  end  when  the  quantity  of 
alcohol  contained  in  the  fermenting  fluid  reaches  a  certain  limit,  which  is 
controlled  by  the  temperature.  The  alcoholic  fermentation  then  ceases,  and 
the    yeast   and  fission -fungi   which    float   on    the   surface  and    form    the    so- 
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called  pellicle,  then  begin  to  change  the  alcohol  into  vinegar.  The  vinegar, 
in  turn,  may  be  further  decomposed  by  tlie  action  of  mould  and  fission-fungi. 
In  the  natural  fermentation  of  grape-juice  these  different  chemical  decom- 
positions go  on  simultaneously,  but  in  such  a  way  that  one  or  other  process 
predominates.  It  is  only  by  artificial  measures  that  the  different  stages  can 
be  clearly  separated,  and  the  important  fact  is  thus  proved  that  the  metabolic 
products,  resulting  from  the  developm.ent  of  the  fission-fungi  and  yeast,  may  serve  as 
nutriment  for  other  varieties  of  micro-organisms,  but  act  as  poisons  toward  those 
organisms  which  produced  them,  and  cause  these  latter  either  to  die  or  to  become  inert. 

The  processes  of  putrefaction  in  the  animal  body  have  also  proved  to 
be  very  complicated.  Three  stages  may  be  distinguished — the  initial  product 
of  putrefaction,  the  intermediate  product,  and  the  final  product. 

Of  these  three  stages  the  first  or  initial  stage  is  of  special  importance. 
Recent  researches  by  Fodor,  Nuttal,  Buchner,  Lubarsch,  Nissen,  and  Prudden 
have  shown,  as  has  already  been  discussed  in  another  connection,  that  the 
solid  and  fluid  constituents  of  the  human  and  animal  body  during  life  and 
immediately  after  death  by  no  means  fall  an  easy  prey  to  the  attacks  of  the 
putrefactive  ferments,  but  are  capable  of  destroying  a  considerable  number 
of  micro-organisms.  If  recently  shed  blood,  transudations  free  from  germs 
freshly  shed  into  serous  cavities,  or  fresh  tissue  fluid,  be  mixed  Avith  schizo- 
mycetes,  a  great  many  of  the  latter  die  within  the  first  twelve  to  twenty-four 
hours,  and  only  a  few  survive.  The  schizomycetes  do  not  find  conditions 
favourable  to  their  development  until  certain  post-mortem  changes  in  the 
chemical  structure  of  the  human  and  animal  body  have  set  in.  The  post- 
mortem changes  may  set  in  quite  as  well  without  the  intermediation  of  living 
causes  of  putrefaction.  It  seems  that  they  ai'e  due  to  the  action  of  the  unformed 
soluble  ferments,  the  enzymes,  which  are  present  in  all  living  tissues,  and  play 
an  important  part  in  the  metabolism  of  the  living  body.  Among  the  actions 
of  these  enzymes  the  conversion  of  albumen  into  peptone  and  hemi-albumen 
must  be  described,  the  hemi-albumen  being  universally  regarded  as  an  albu- 
minoid combination,  which  has  most  of  the  reactions  of  albuminous  bodies, 
but  is  distinguished  by  a  few  reactions  from  the  albumen  from  which  it  is 
derived.  Nutrient  material,  which  has  been  kept  in  a  well-closed  vessel  after 
all  the  germs  have  been  destroyed  by  boiling  heat,  also  shows  certain  changes, 
although  it  may  for  years  undergo  no  putrefaction  and  remain  fit  for  use.  I 
do  not  know  whether  these  changes  have  been  chemically  investigated.  In 
any  case  they  are  not  very  striking,  but  may  be  easily  detected  by  the  sense 
of  taste. 

There  can  be  no  doubt  that  the  schizomycetes,  in  the  early  stages  of  their 
action,  cause  changes  in  the  albumen  similar  to  those  which  the  decompositions 
which  are  already  in  process,  are  carrying  out.  We  are  therefore  justified  in 
asserting  that,  in  the  early  stage  of  putrefaction,  we  have  to  do  with  the  forma- 
tion of  peptones  and  hemi-albumens.  Many  of  the  albuminoid  bodies  produced, 
however,  are  known  to  be  very  active  poisons,  and  may  be  described  as  toxic 
enzymes  and  tox-albumens,  according  as  they  possess  the  characters  of  unformed 
ferments  or  not. 

In  the  case  of  the  pathogenic  schizomycetes  the  condition  of  affairs  is 
different  in  this  respect,  that  they  can  develop  in  the  tissues  of  living  human 
beings  and  animals  also,  and  produce  the  chemical  changes  just  mentioned. 
The  transition  is  only  a  gradual  one,  however.  Even  the  infective  agents  in 
anthrax,  the  bacilli  anthracis,  if  they  are  present  in  small  quantities,  are 
destroyed  by  the  tissue  juices  of  the  living  body  and  by  tissue  fluids  recently 
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withdrawn  from  the  body.  This  applies  to  the  pus-forming  schizomycetes  also, 
and  to  all  the  pathogenic  schizomycetes  which  have  as  yet  been  examined.  In 
order  that  these  may  develop  and  multiply  within  the  living  body  it  is  necessary 
that  there  be  either  a  local  diseased  focus,  or  one  within  the  area  of  which  the 
tissue  elements  have  undergone  chemical  change,  or  an  invasion  large  enough 
to  give  the  infective  agents  the  chance  of  producing  such  chemical  changes  in 
sufficient  amount  before  they  themselves  succumb. 

The  circumstances  just  mentioned  explain  why  every  infection  by  the 
poison  of  anthrax,  suppuration,  or  typhoid  may  not  entail  local  or  general  dis- 
ease. They  explain  why  every  anthrax  pustule,  which  at  first  appears  as  a  local 
lesion,  does  not  invariably  result  in  general  disease  and  death.  It  is  thus 
comprehensible,  also,  how  a  general  disease  may  terminate  in  recovery.  In 
spite  of  the  presence  of  the  infective  agents  recovery  does  occur,  because  the 
living  organism  is  able  to  destroy  the  invaders.  We  are  far  from  possessing, 
however,  any  accurate  knowledge  of  the  determining  chemical  properties  which 
^favour  or  impede  infection,  which  bring  about  or  prevent  recovery.  Investi- 
gation has  only  been  able  to  give  us  a  few  data ;  and  much  still  remains 
which  must  even  now  be  included  in  the  somewhat  indefinite  term  predis- 
position. 

A  hard-and-fast  division  between  the  beginning,  the  middle,  and  the  ter- 
minal stages  of  putrefaction  is  scarcely  possible.  After  description  of  the  early 
stage  of  putrefaction,  it  is  simplest  therefore  to  enumerate  next  the  most 
important  final  fvoduds  of  putrefaction.  These  are  : — carbonic  acid,  hydrogen, 
ammonia,  sulphuretted  hydrogen,  water,  and  a  series  of  salts  of  the  alkalies  and 
earths. 

The  process  connecting  the  initial  and  the  terminal  products  is  a  long 
one  and  by  no  means  the  same  in  all  cases.  External  conditions,  possibility 
of  the  access  of  oxygen,  moisture,  and  heat,  and  many  other  circumstances 
produce,  in  many  cases,  numerous  variations  in  the  processes  of  disintegration. 
Speaking  generally,  however,  the  chemical  changes  which  occur  in  putrefac- 
tion are  divided  into  three  groups. 

1.  Hydration,  indifferently  applied  to  those  disintegrating  processes  in 
which  one  or  more  molecules  of  water  are  taken  up.  Thus,  in  the  so-called 
alkaline  fermentation  of  the  urine,  urea  is  converted  into  carbonate  of  ammonia 
by  taking  up  two  molecules  of  water,  and  in  lactic  acid  fermentation,  milk- 
sugar  becomes  lactic  acid  by  taking  up  water. 

2.  Eeduction — breaking  up  and  decomposition  caused,  as  a  rule,  by 
nascent  hydrogen  (Hoppe-Seyler),  through  which  the  oxygen  undergoes  relative 
or  absolute  diminution  (butyric  fermentation  of  sugar  of  milk,  alcoholic  fermenta- 
tion of  grape-sugar). 

3.  Oxidation,  seen  especially  in  the  formation  of  carbonic  acid,  nitric  acid, 
nitrous  acid,  sulphuric  acid,  and  phosphoric  acid.  The  oxygen  may,  in  these 
cases,  be  obtained  either  from  the  vicinity,  perhaps  from  the  atmosphere,  or  by 
decomposition  in  the  course  of  one  of  the  reduction  processes  just  mentioned 
(formation  of  carbonic  acid  in  alcoholic  fermentation  of  grape-sugar).  These 
various  and  much  intermingled  processes  of  decomposition  give  rise  to  a  number 
of  differing  substances  in  the  putrefaction  of  animal  bodies,  among  which  the 
following  should  be  mentioned  as  the  most  important  belonging  to  the  middle 
stage  of  putrefaction. 

(a)  Peptone,  hemi-albumens,  globulins  (Hoppe-Seyler),  tox-albumens,  and 
toxic  enzymes. 

(b)  Amido-acids  (nitrogenous),  such  as  leucin  and  tyrosin. 
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(c)  Amines  (nitrogenous),  methylamin,  propylamin,  caprylamin,  and  true 
alkaloids. 

((/)  Organic  acids,  fatty  acids  (formic  acid,  acetic  acid,  proprionic  acid,  butyric 
acid,  valerianic  acid,  palmitic  acid,  margaric  acid),  further,  lactic  acid,  oxalic 
acid,  succinic  acid. 

All  these  changes  and  decompositions,  apart  from  the  very  early  changes,  are 
originated  by  the  presence  of  low  organisms,  and  especially  of  schizornycetes.  It 
is  therefore  easily  understood  that  pathogenic  schizomycetes  should  produce 
many  similar  products  in  the  living  human  body,  and  that  these  bodies  should 
develop  more  or  less  markedly  poisonous  actions.  If,  however,  we  resolve 
these  extremely  complicated  processes  into  their  separate  elements,  we  arrive 
at  a  more  accurate  knowledge  of  the  conditions  which  permit  and  favour  the 
development  of  the  schizomycetes. 

In  the  first  place,  the  schizomycetes  require  certain  nutrient  material  for 
their  development. 

1.  Oxygen. — This  must  be  brought  in  a  free  form  to  many  schizo- 
mycetes, since  they  only  thrive  with  the  access  of  atmospheric  air  or  pure 
oxygen  {obligatory  cerobic  schizomycetes).  Other  schizomycetes  only  develop  when 
free  oxygen  is  completely  excluded  {obligatory  anmrobic  schizomycetes),  and  obtain 
the  necessary  oxygen  by  decomposing  the  chemical  combinations  of  the  nutritive 
medium.  Besides  these  chief  types,  there  are  facultative  cerobic  and  facultative 
ancerobic  schizomycetes  which  develop  more  or  less  actively  Avith  or  without 
access  of  free  oxygen.  Whatever  the  variety,  however,  oxygen  is  absolutely 
essential.  In  the  interior  of  the  human  body  aerobic  pathogenic  schizomycetes 
select  the  well-oxygenated  blood,  in  the  lungs,  and  other  similar  situations,  while 
the  anaerobic  bacteria  live  in  the  parenchyma  of  the  tissues  where  there  is  little 
oxygen,  especially  in  the  liver  and  the  contents  of  the  intestine  in  which  there 
is  very  little  free  oxygen.  The  division  is  not  very  strict,  however,  because 
the  current  of  the  blood  and  the  tissue  fluids  often  carry  away  micro-organisms 
which  have  invaded  the  blood,  the  lymph,  and  tissue  spaces. 

2.  Carbon,  Nitrogen,  and  Hydrogen  are  also  to  be  classed  among  the 
absolutely  necessary  nutrient  substances.  As  a  rule,  they  are  provided  by  the 
colloid  constituents  of  the  tissues,  such  as  albumen,  peptones,  and  the  gelatine- 
yielding  substances.  Pasteur,  however,  was  the  first  to  prove  that  schizomy- 
cetes also  thrive  in  nutrient  media  which,  in  addition  to  water,  contain 
crystalline  bodies  only.  The  nitrogen,  in  these  cases,  may  be  supplied  in  the 
form  of  acetate,  phosphate,  sulphate,  or  nitrate  of  ammonium,  or  as  asparagin. 

3.  Minerals,  such  as  sulphur,  phosphorus,  potassium,  calcium.  Both  the 
last  may  be  replaced  by  allied  elements. 

It  is  not  sufficient,  however,  that  these  nutrient  materials  should  be  present. 
If  multiplication  of  existing  schizomycetes  is  to  take  place,  they  must  be 
supplied  in  a  suitable  form  and  under  favourable  physical  conditions.  In  this 
connection,  in  the  first  place,  a  certain  amount  of  water  in  the  nutrient  medium 
is  indispensable,  since  the  removal  of  water  hinders  the  growth  of  low  organisms, 
as  is  observed  in  the  preservation  of  candied  fruit.  Then  the  chemical  reaction 
of  the  nutrient  medium  is  of  importance.  Most  schizomycetes  thrive  best  in 
neutral  or  alkaline  media ;  others  prefer  acid  fluids,  as,  for  instance,  the  sarcinse 
of  the  urine,  as  was  demonstrated  by  Hartge  in  my  laboratory.  The  temperature 
of  the  nutrient  medium  is  also  of  great  importance.  Pathogenic  schizomycetes 
grow  most  luxuriantly  at  body  temperature  (37°  C.) ;  putrefactive  organisms 
thrive  best,  as  a  rule,  between  20°  and  40°  C.  If  the  temperature  greatly 
exceeds  these  limits,  either  above  or  below,  there  is  no  further  multiplication  of 
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the  schizomycetes  (cold  stiffening,  heat  stiffening),  but  they  do  not  immediately 
die.  It  only  needs  the  return  of  a  suitable  temperature,  as  a  rule,  to  excite 
growth  and  multiplication  again.  It  has  also  been  observed  that  most  of  the 
pathogenic  schizomycetes  lose  some  of  their  toxic  power  (undergo  certain 
variations  therefore)  if  cultivated  at  slightly  lowered  or  heightened  temperatures. 
Pasteur  has  utilised  this  fact  in  the  preparation  of  inoculating  materials  Avhich 
bestow  immunity  from  infective  poisons  of  full  strength. 

Actual  destruction  of  the  schizomycetes  and  their  spores,  which  are  often 
highly  resistant,  is  only  effected,  as  a  rule,  by  a  temperature  of  58°  to  110"  C. 
This  fact  has  been  utilised  in  bacteriological  technique,  and  also  commercially,  in 
the  manufacture  of  nutrient  media.  It  is  sufficient  in  many  cases  to  heat  the 
germ-containing  substances  repeatedly  to  58°  C.  at  intervals  of  twenty-four  hours, 
in  order  to  destroy  all  the  germs.  Boiling  heat  is  quicker  and  more  certain, 
especially  in  the  form  of  a  current  of  steam,  or  heating  in  air  at  150°  C.  If 
to  what  has  been  just  stated  we  add  the  fact,  which  had  already  been  proved, 
that,  speaking  generally,  the  schizomycetes  are  hampered  in  their  development 
by  the  accumulation  of  their  own  metabolic  j^roducts,  the  most  important  conditions 
have  been  mentioned  which  are  necessary  for  the  artificial  cultivation  of  these 
organisms  and  which  determine  their  natural  development  and  multiplication. 
The  biological  conditions  given,  however,  allow  the  details  to  be  varied  in  a 
great  many  ways.  According  to  the  varying  chemical  composition  within 
the  limits  given,  the  proportion  of  water,  the  reaction,  and  the  tempera- 
ture of  the  nutrient  media,  now  one  and  now  another  of  the  schizomycetes 
finds  conditions  favourable  to  its  development  and  multiplication.  When 
several  varieties  of  schizomycetes  are  present,  one  or  other  will  be  enabled  to 
crowd  out  or,  at  least,  to  exceed  the  others.  This  fact  must  always  be  borne 
in  mind  in  bacteriological  investigations,  because,  in  obtaining  the  material  for 
examination,  contamination  by  foreign  germs  cannot,  as  a  rule,  be  absolutely 
excluded.  Should  the  conditions  be  more  favourable  to  their  development 
than  to  that  of  the  organisms  originally  inoculated,  they  may  quite  well  be  able 
in  some  cases  to  cause  the  complete  disappearance  of  the  latter.  Such  accidents 
can  only  be  guarded  against  by  the  observation  of  all  the  necessary  precautions, 
by  a  frequent  repetition  of  the  several  experiments,  and  an  accurate  technical 
knowledge  of  the  subject,  founded  on  experience. 

C.  General  Method  for  the  Investigation  of  Pathogenic  Schizomycetes 

As  Koch  first  formulated,  and  as  was  in  general  practical  use  even  before  his 
time,  the  investigation  of  the  pathogenic  schizomycetes  is  divided  into  three 
stages — the  histological  demonstration  of  the  schizomycetes  in  the  diseased 
organs,  the  pure  culture  in  artificial  nutrient  media  of  the  micro-organisms  dis- 
covered, and  the  production  of  the  disease  by  experimental  inocidation  of  healthy 
animals,  and,  as  far  as  is  permissible,  of  healthy  human  beings,  with  pure  cultures. 

It  is  very  difficult  to  carry  this  out  in  all  its  details,  and,  as  a  matter  of 
fact,  it  has  only  been  possible  in  a  few  diseases.  Although  the  histological 
demonstration  and  pure  culture  of  the  pathogenic  schizomycetes  offer  difficulties, 
still  these  are  not,  as  a  rule,  quite  insurmountable ;  although  it  cannot  by  any 
means  be  said  to  be  decided  whether  many  of  the  exciting  causes  of  disease 
are  not  too  small  to  be  visible,  as  a  rule,  to  our  optical  instruments  and  organs 
of  vision.  The  greatest  difficulty  is  found  usually  in  the  attempt  to  inoculate 
animals  with  organisms  which  cause  infective  diseases  in  man,  partly  because 
animals  are  generally  immune  towards  many  human  diseases,  and  partly  because 
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the  disease  produced  in  the  animal  differs  considerably  from  the  analogous 
disease  in  man  in  its  course,  its  manifestations,  and  in  the  histological  changes 
to  which  it  gives  rise.  Nevertheless,  the  well -authenticated  results  which 
have  already  been  obtained,  are  so  numerous  and  significant  that  they  may 
be  counted  among  the  most  valuable  achievements  of  the  human  intellect. 

The  histological  demonstration  of  pathogenic  schizomycetes  was  first  success- 
fully made  in  the  blood  and  with  the  simplest  technical  aids  when  the  bacillus 
anthracis  was  discovered  in  newly-drawn  blood  by  Brauell  and  Pollender. 
As  a  rule,  it  is  sufficient  to  spread  out  a  drop  of  blood  between  the  cover- 
glass  and  slide  in  order  to  see  these  comparatively  large  rod -shaped  bodies. 
In  the  case  of  other  schizomycetes  which  are  less  numerous  in  the  blood,  it  is 
sometimes  better  first  to  dissolve  the  red  corpuscles  by  mixing  one  volume  of 
blood  with  about  ten  volumes  of  \  per  cent  aqueous  solution  of  glacial  acetic 
acid,  as  I  have  described.  The  fluid  thus  obtained  is  examined  in  a  compara- 
tively thick  layer  in  my  modification  of  the  hsemocytometer,  as  made  by 
Zeiss. 

Soon  after  the  discovery  of  the  bacillus  anthracis,  there  came  the  demon- 
stration of  schizomycetes  in  the  tissues  of  the  human  body  by  Klebs  and  v. 
Recklinghausen.  If  comparatively  thick  sections  of  tissue  be  cleared  up  by  5 
per  cent  liquor  potassse  or  by  a  mixture  of  equal  parts  of  water,  glycerine 
and  glacial  acetic  acid,  the  larger  groups  especially,  of  the  schizomycetes 
become  apparent,  since  they  are  acted  on  only  slightly,  if  at  all,  by  strong 
acids  or  alkalies.  They  appear  as  highly  refractile,  finely  granular  masses 
in  the  swollen,  hyaline,  transparent  tissues.  The  authors  mentioned  were 
specially  successful  in  thus  demonstrating  the  pus-forming  schizomycetes  of 
pyaemia,  in  the  form  of  zoogloea^  throughout  most  of  the  organs.  These  are 
distinguished,  in  such  cases,  from  clusters  of  other  granules,  especially  from 
finely  molecular  clusters  of  albuminous  and  fatty  granules,  by  their  very 
equally  and  finely  granular  appearance.  The  zooglcete  in  question  consist  of 
micrococci  which  are  all  equal  in  size  and  distance  from  each  other.  If  they 
are  examined  with  a  microscopic  objective  having  a  large  angle  of  aperture,  the 
fine  uniformly  granular  masses  appear  distinctly.  It  is  an  equally  important 
fact  that  these  zoogloese,  when  examined  by  microscopic  objectives  with  small 
angles  of  aperture,  appear  of  a  uniform  brown  colour,  although  they  themselves 
are  really  colourless.  The  equality  in  this  brown  colour  proves  the  uniform 
size  and  distance  from  each  other  of  the  separate  granules  of  which  the  zoogloeae 
are  made  up.  The  same  optical  phenomena  may  be  studied  in  a  recognised 
microscopical  test  object,  such  as  the  pleurosigma  angulatum,  whose  fine 
hexagonal  appearance  in  the  field  supplies  the  place  of  the  fine  granules  of 
the  zoogloeee. 

As  may  be  observed,  these  old  methods  laboured  under  the  disadvantage  that 
the  results  obtained  were  only  perfectly  reliable  in  certain  cases.  R.  Koch  may 
therefore  claim  to  have  done  valuable  service  in  giving  us  universally  applicable 
methods  of  demonstrating  the  schizomycetes  histologically,  by  the  introduction 
of  the  aniline  stains  which  were  just  then  coming  into  use  in  histology.  More 
recently,  Ehrlich  especially  has  distinguished  himself  by  further  improving  the 
bacteriological  methods  of  staining. 

In  order  to  make  an  examination  of  fluids  containing  schizomycetes,  the 
first  proceeding  is  to  make  a  dried  cover-glass  prejMration.  A  thin  film  of  the 
fluid  to  be  examined  is  spread  out  on  the  surface  of  a  thin  cover-glass.  After 
this  has  been  dried  by  the  air,  the  cover-glass  is  passed  quickly  through  the 
flame  of  a  spirit-lamp  or  Bunsen  burner,  three  times  usually,  to  ensure  firmer 
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drying  and  coagulation  of  the  albumen  present.  By  this  means  firm  adhesion 
of  the  dried  film  to  the  cover-glass  is  obtained.  The  schizomycetes  adhering  to 
the  latter  may  then  be  stained  by  different  methods.  Staining  Avith  a  strong 
watery  solution  of  methylene  blue  is  very  easy.  After  this  fluid  has  been  applied 
for  a  few  minutes,  it  is  washed  off  with  distilled  water  and  the  schizomycetes 
retain  the  colour.  The  free  surface  of  the  cover-glass  may  be  allowed  to  dry, 
and  is  then,  with  the  film  containing  schizomycetes  downwards,  laid  on  a  drop 
of  water  which  has  previously  been  placed  on  a  slide.  The  preparation  is 
then  ready  for  microscopic  examination.  The  method  of  staining  is  often 
varied.  After  staining  and  washing  the  cover-glass  is  again  dried  and  laid 
down  on  a  drop  of  Canada  balsam  dissolved  in  xylol. 

In  the  course  of  time  a  great  many  new  methods  of  staining  have  been 
discovered  which  are  valuable,  and,  in  many  cases,  indispensable.  A  full 
account  of  these  will  be  found  in  most  of  the  text-books  on  microscopical 
technique.  For  instance,  in  many  cases  the  methylene  blue  stain  will  act 
much  better  if  a  trace  of  liquor  potassse  be  added  to  the  staining  fluid  (Loffler). 
In  other  cases  it  is  better  to  use  other  stains,  gentian  violet,  methyl-violet, 
fuchsin,  etc.,  in  aqueous  solution,  and  to  wash  off"  with  water  or  dilute  acids. 
Or  the  colouring  solution  may  be  added  to  water  with  which  aniline  oil  or 
carbolic  acid  has  previously  been  mixed,  and  the  stained  preparation  washed 
with  dilute  nitric  or  sulphuric  acid,  or  an  aqueous  solution  of  iodine  and  alcohol 
(Ehrlich,  Ziehl,  Gram).  By  the  use  of  these  methods  the  stain  is,  as  a  rule, 
removed  from  all  parts  of  the  preparation  except  the  schizomycetes,  which 
are  the  only  structures  which  retain  the  stain  deeply.  It  is  often  desirable  to 
counter-stain  the  tissue  elements  afterwards  Avith  another  stain,  so  that  sharp 
contrasts  in  colour  are  obtained. 

The  method  of  demonstrating  schizomycetes  in  the  tissues  is  similar.  The 
tissues  are  cut  in  thin  sections,  after  hardening  in  alcohol  and  other  fluids,  and 
when  necessary,  after  previous  embedding  in  celloidin  or  paraffin.  For  this 
purpose  a  good  microtome  is  employed.  The  microtome  invented  by  myself 
and  manufactured  by  R.  Jung  in  Heidelberg  has  served  as  pattern  for  all  the 
instruments  of  this  kind  now  in  use,  and  may  even  be  regarded  at  present,  also, 
as  the  most  perfect  and  permanent.  In  other  cases,  it  is  advisable  to  cut  the 
organ  to  be  examined  in  a  frozen  state,  after  previous  hardening.  Almost  all 
microtomes  have  the  necessary  apparatus  for  this,  or  it  may  be  added  without 
difficulty. 

The  sections  obtained  are  then  stained  by  any  one  of  the  methods  just 
discussed,  necessarily  after  the  celloidin  or  paraffin  has  been  dissolved  and 
removed.  The  rule  here,  speaking  generally,  is  that  the  stain  must  be  given 
a  longer  time  to  act  when  sections  of  tissue  are  to  be  stained  than  in  staining 
cover-glass  preparations.  The  time  required  for  staining  may,  however,  be 
shortened  if  the  staining  solution  be  slightly  warmed.  Many  methods  of 
staining,  especially  those  in  which  aniline  oil  or  iodine  solution  is  used,  are 
not  compatible  with  embedding  in  celloidin.  The  great  advantages  of  the  latter 
process  may  be  still  obtained,  however,  if  another  derivative  of  gun-cotton, 
photoxylin,  be  used  instead  of  celloidin.  Photoxylin  is  treated  like  celloidin,  but 
is  distinguished  by  its  greater  solubility  in  absolute  alcohol.  This  property 
may  therefore  be  utilised  to  free,  in  a  careful  fashion,  the  cut  sections  from 
the  embedding  material,  and  thus  to  allow  them  to  be  stained  by  every  method. 

For  microscopic  examination  of  the  cover-glass  preparation  or  sections  the 
use  of  Abb6's  illuminating  apparatus  with  an  iris  diaphragm  is  to  be  recom- 
mended, or  what  amounts  to  the  same  thing,  the  little  illuminating  apparatus 


68  SCHIZOMYCETES 


which  Zeiss  has  constructed  at  my  suggestion  for  the  more  simple  microscopes. 
With  the  aid  of  this  apparatus  the  angle  of  the  aperture  for  the  light  directed 
to  the  specimen  may  be  varied  within  wide  limits,  or,  in  other  words,  the 
incident  cone  of  rays  may  be  increased  or  lessened.  Some  important  optical 
effects  are  thus  obtained.  The  structure  of  the  tissues,  their  nuclei,  fibrillation, 
and  striation  can  only  be  perceived  with  a  certain  limitation  of  the  breadth  of 
the  incident  cone  of  rays,  therefore  with  a  small  iris  diaphragm  or  with  the 
condenser  at  some  distance  below  the  stage.  With  a  larger  iris  diaphragm  and 
the  condensing  lens  near  to  the  object,  the  structures,  according  to  Abbe,  all 
disappear  and  only  the  contrast  of  colour  is  left.  This  form  of  illumination 
shows  the  deeply  stained  schizomycetes  most  distinctly,  as  a  rule,  and  is  there- 
fore greatly  used  for  this  purpose,  as  was  recommended  by  R.  Koch. 

I  have,  nevertheless,  had  many  opportunities  of  observing  that  the  cone  of 
entering  light  may  be  unnecessarily  wide.  This  mistake  has,  as  a  rule,  the 
effect  of  causing  the  microscopic  image  of  the  object  to  seem  less  distinct. 
The  reasons  for  this  fact  will  not  be  entered  upon  here.  This  valuable 
apparatus  should  be  used  with  some  care,  and  it  is  recommended  that,  during 
observation,  the  effect  of  the  various  methods  of  illuminating  the  object  should 
be  slowly  and  thoroughly  studied. 

W^ith  the  aid  of  the  methods  just  described,  the  invariable  presence  of  a 
certain  schizomycete  in  the  tissues  or  in  the  circulating  fluids  of  the  human 
or  animal  body  has  been  demonstrated  in  a  large  series  of  separate  cases  of 
a  specified  disease,  so  that,  speaking  generally,  it  is  clearly  shown  that  tliis 
schizomycete  bears  a  definite  relation  to  the  disease.  It  must,  of  course,  be 
remembered  in  this  connection  that,  throughout  the  whole  length  of  the 
alimentary  canal  and  on  many  other  mucous  membranes,  schizomycetes  are 
present.  In  the  contents  of  the  intestine  they  may  be  present  in  vast  numbers. 
It  is  only  the  blood,  lymph,  and  tissues  in  man  and  the  higher  animals  that 
are,  as  a  rule,  free  from  germs.  Healthy,  newly-drawn  blood,  received  directly 
from  a  vein  into  a  glass  tube  which  has  been  sterilised  immediately  before  and 
is  then  fused  at  the  end,  changes  in  a  slight  degree  perhaps,  but  remains  per- 
manently free  from  germs.  In  the  same  way  all  fresh  healthy  tissues  maj'',  by 
the  observation  of  suitable  precautions,  be  kept  permanently  in  an  atmosphere 
quite  free  from  germs,  without  the  development  of  schizomycetes  taking  place. 
If  this  is  not  always  successful,  it  is,  as  a  rule,  because  of  some  error  in  the 
conduction  of  the  above  experiment.  It  certainly  would  appear,  nevertheless, 
that,  in  some  exceptional  cases,  it  does  happen  that  living  schizomycetes  invade 
the  healthy  body  and  may  continue  there  for  some  time  without  giving  rise 
to  symptoms  of  disease.  The  results  already  discussed  seem  to  justify  the 
assumption  that  the  invading  organisms  in  such  cases  perish  in  the  bodies  of 
man  and  animals,  because  the  chemical  composition  of  the  living  tissues  arrests 
their  further  development.  The  possibility  of  such  occurrences  demands,  as 
has  already  been  considered,  frequent  repetition  of  the  bacteriological  in- 
vestigation. 

Even  in  healthy  animals  it  is  by  no  means  always  certain  that  the  tissues 
are  entirely  free  from  schizomycetes.  As  regards  the  histological  demonstration 
of  pathogenic  schizomycetes,  it  must  further  be  remembered  that,  after  death, 
schizomycetes  appear  sooner  or  later  in  most  of  the  organs.  The  innumer- 
able schizomycetes  of  the  intestinal  contents,  especially,  tend  to  spread  through 
the  body  after  death,  and  with  these  others  which  penetrate  from  Avithout  are 
soon  associated.  Fortunate!}^,  these  sources  of  error  may  also  be  avoided,  since, 
for  a  short  time  after  death,  the  pathogenic  schizomycetes  maintain  such  a 
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characteristic  arrangement  in  relation  to  the  lesions  they  produce,  that  this 
arrangement  in  itself  is  sufficient  to  allow  a  definite  decision  to  be  made. 
These  local  accumulations  of  the  schizomycetes  in  the  diseased  organ  are,  as  a 
rule,  the  most  conclusive  proofs  that  histological  investigation  can  bring 
forward,  and  they  are  of  the  greatest  importance  in  tracing  the  schizomycetes 
in  the  living  body  also.  The  results  obtained  by  histological  investigation, 
therefore,  constitute  the  foundation  and  starting-point  of  experimental  methods. 

The  first  object  of  the  latter  is  to  obtain  pure  cultures  from  micro- 
organisms which  have  been  histologically  discovered  and  which  are  regarded 
as  pathogenic.  Those  pure  cultures  show,  in  the  first  place,  rods  and  granules 
characterised  by  their  resistance  to  acids  and  alkalies,  as  well  as  by  their  reaction 
to  stains.  They  are,  indeed,  independent  little  organisms  endowed  with  a  special 
metabolism.  In  the  second  place,  however,  pure  cultivation  aims  especially  at 
a  more  accurate  knowledge  of  the  exciting  cause  of  the  disease  and  its  properties, 
in  order  finally  to  bring  the  chemistry  of  its  metabolism  under  examination 
also.  By  these  means  it  is  to  be  hoped  that  we  shall  not  only  acquire  a 
thorough  comprehension  of  the  infectious  diseases,  but  that  prophylaxis  and 
therapeutics  will  also  be  advanced. 

For  pure  cultivations  of  pathogenic  schizomycetes  artificial  nutrient  media 
are  generally  used  (sterilised  decoctions  of  finely  divided  beef),  to  which  small 
quantities  of  peptone  and  salts  are  added.  It  is  advisable,  as  a  rule,  to  render 
the  reaction  alkaline  by  adding  carbonate  of  soda.  In  a  few  cases  the 
addition  of  grape-sugar,  glycerine,  etc.,  is  employed.  Brefeld  and  Koch  made  an 
important  step  in  advance  by  giving  a  gelatinous  consistence  to  those  nutrient 
media  by  means  of  gelatine  or  agar- agar.  In  other  cases,  slices  of  potato, 
sterilised  by  boiling  heat,  or  blood-serum  coagulated  to  a  jelly  may  be  used. 
Bacteriological  technique  has  already  produced  such  a  great  number  of 
methods  that,  for  particulars,  it  is  necessary  to  refer  to  the  text-books  of 
bacteriological  technique  by  Fliigge,  Hueppe,  Frankel,  and  others.  In  patho- 
logical investigation,  however,  the  gelatinous  nutrient  media  of  Koch  are 
specially  adapted  for  the  production  of  pure  cultures. 

The  methods  previously  made  use  of  for  this  purpose,  the  fractional 
culture  method  of  Klebs,  and  the  attenuation  method  of  Nageli,  are  somewhat 
troublesome,  and  are  only  suitable  in  cases  where  the  schizomycete  which  is  to  be 
cultivated  pure,  is  numerically  in  excess  in  the  material  to  be  examined, 
and  where  it  can  develop  luxuriantly  in  the  artificial  nutrient  medium,  Klebs 
placed  a  small  portion  of  the  substance  containing  the  schizomycetes  in  a  sterilised 
nutrient  solution.  After  the  micro-organism  had  multiplied,  a  small  portion  of  it 
was  again  placed  in  fresh  nutrient  solution,  and  this  process  was  repeated  until 
a  pure  culture  was  arrived  at.  Niigcli  attenuated  or  triturated  the  substance  to 
be  examined  for  schizomycetes  with  a  larger  quantity  of  sterilised  nutrient 
solution,  so  that  it  might  finally  be  supposed  that,  in  each  drop  of  the 
mixture,  one  schizomycete  at  most  would  be  present.  By  then  inoculating 
several  flasks  of  fresh  sterilised  nutrient  solution  with  a  drop  each  of  the 
mixture,  a  more  or  less  perfectly  pure  cultivation  was  obtained. 

These  methods,  in  a  suitable  form,  may  be  of  some  use  even  at  present. 
Koch's  process  is,  however,  much  more  simple  and  reliable,  and  must  therefore  be 
considered  first. 

After  all  the  instruments,  apparatus,  and  nutrient  media  to  be  used  have, 
of  course,  been  most  carefully  sterilised  by  dry  air  at  150^  C,  or  by  a  current 
of  steam,  small  quantities  of  the  fluid  to  be  examined  are  withdrawn  and  placed 
in  the   nutrient  gelatine  or  agar-agar  which  has  just  been  melted  by  gentle 
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heat.  If  it  is  necessary  to  examine  solid  portions  of  organs,  they  are 
triturated  and  so  brought  into  a  state  of  fine  division.  The  inoculated 
gelatine  or  agar-agar  is  then  poured  on  a  glass  plate,  carefully  kept  horizontal, 
or  into  a  flat  watch-glass  (Petri),  where  it  is  allowed  to  stiffen  after  being 
properly  covered.  If  the  inoculating  material  has  been  sufficiently  diluted,  or 
if,  for  the  sake  of  certainty,  a  plate  has  been  covered  with  a  second  dilution, 
separated  isolated  colonies  of  schizomycetes  will  develop  in  a  few  days  on  the ' 
plate  or  in  the  watch-glass  (Fig.  11). 

These  separate  colonies  are,  as  a  rule,  already  pure  cultures,  but  it  fre- 
quently happens  that  the  different  colonies  have  a  different  appearance,  and  ac- 
cordingly correspond  to  difi'erent  schizomycetes.  The  great  advantage  of  this 
'plate  method  is  that  the  various  germs  and  micro-organisms  contained  in  the 
substance  to  be  examined  are  further  separated  from  each  other  by  increase 
of  the  fluid  surrounding  them.  They  thus  germinate  and  multiply  separately 
on  a  nutrient  medium,  gradually  stiffened  by  cooling,  on  which  they  form 
colonies  sharply  divided  from  each  other.  Among  them  are  found  not  only 
the  schizomycetes  which  were  most  numerous  in  the  inoculated  material,  or 


Fig.  11. — Glass  plate  with  the  coveimg  oi  agar-agar  and  six  colonies  of  schizomycetes. 

those  Avhich  are  favoured  in  their  groAvth  by  the  nutrient  medium  selected,  but 
also  all  the  different  germs  which  were  contained  in  the  inoculated  material. 
They  make  their  appearance  in  separate  colonies  as  far  as  it  is  jiossihle  for 
them  to  develop  under  the  given  conditions.  These  are  principally  obligatory 
and  facultative  aerobic  varieties.  If  it  is  the  anaerobic  schizomycetes  which  are 
to  be  observed,  the  plates  must  be  kept  in  an  atmosphere  free  from  oxygen,  in 
hydrogen  for  instance,  or  in  other  reagents  made  use  of  to  remove  the  oxygen 
from  the  air. 

The  purity  of  the  culture  of  the  various  colonies  developed  on  the  plate  can 
be  tested  by  subjecting  the  separate  colonies  to  the  same  methods  of  inves- 
tigation in  their  turn.  The  pure  culture  of  schizomycetes  may  then  be  trans- 
ferred by  inoculation  to  sterilised  test-tubes  which  have  been  previously 
prepared  with  sterilised  nutrient  media  of  various  kinds  and  closed  with  a  plug 
of  wadding  (Fig.  12).  It  is  seen  in  this  process  that  the  pure  cultures  of  the 
different  schizomycetes  vary  in  a  characteristic  fashion  according  to  the  form 
of  nutrient  medium  employed  and  the  temperature  at  Avhich  they  are  kept. 
The  shape  and  colour  of  the  colonies,  the  presence  or  absence  of  liquefaction 
of  the  nutrient  medium,  the  growth,  on  the  surface  or  deeply  within  the 
nutrient  medium,  the  development  of  bubbles  of  gas,  the  microscopic  appearance 
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of  the  separate  schizomycetes,  and  their  spore  formation,  thus  give  a  long 
series  of  distinguishing  points  for  accurate  and  reliable  differentiation.  To 
these  it  may  be  added  that  it  is  possible  to  examine  the  structure  of  the 
colonies  under  the  microscope  and  even  to  follow  out  the  vital  phenomena  of 
the  micro-organisms,  their  movements,  spore  formation,  etc. 

Finally,  the  investigation  of  the  chemical  changes  produced  by  the  pure 
cultures  in  the  nutrient  media  is  of  great  interest.  The  vi^orks  of  Nenski, 
Brieger,  and  others  have  yielded  many  important  results 
in  this  subject,  and  have  led  to  the  discovery  of  a  series 
of  poisonous  substances  among  the  metabolic  products. 
The  results  referred  to  will  be  briefly  discussed  after- 
wards in  detail,  since  a  general  account  would  lead  us 
too  deeply  into  the  subject  of  the  chemistry  of  ferment- 
ation and  putrefaction.  The  more  simple  reagents 
Avhich  have  been  employed  in  the  pure  cultivation  of 
anaerobic  pathogenic  schizomycetes  can  also  be  better 
described  separately.  A  short  time  must  be  spent, 
however,  over  the  experimental  production  of  infectious 
diseases  by  inoculation  of  pure  cultures  of  jmthogenic  schizo- 
mycetes. This  is  most  simply  done  by  inserting  a  small 
quantity  of  the  pure  cultures  beneath  the  skin  of  the 
animal  to  be  experimented  on  (rabbits,  dogs,  rats,  mice, 
birds,  etc.)  by  means  of  an  incision,  and  subsequently 
closing  the  wound  carefully  and  aseptically.  More 
frequently  a  sterilised  Pravaz's  syringe  is  used  for  this 
purpose,  by  means  of  which  the  infective  material  is 
introduced  below  the  skin  into  the  internal  organs  or 
directly  into  the  blood.  The  injection  of  too  large  a 
number  of  schizomycetes  must,  of  course,  be  avoided, 
since,  as  a  general  rule,  poisonous  metabolic  products 
adhere  to  them  which  may  cause  disease  and  death,  even 
when  the  schizomycete  does  not  find  the  conditions 
necessary  for  its  further  development.  If,  however,  the 
schizomycete  multiplies  in  the  animal  and  causes  patho- 
logical changes  which  agree  with  those  observed  in  man, 
the  chain  of  evidence  is  complete.  The  schizomycete 
which  has  been  found  and  cultivated  pure  may  then  be 
justifiably  regarded  as  the  cause  of  the  disease  in  the 
human  being  from  whom  the  inoculating  material  was 
originally  obtained. 

The  proof  of  a  number  of  infections  has  been 
obtained  in  this  way.  The  diseases  occurring  spon- 
taneously in  both  man  and  animals,  such  as  anthrax, 
pytemia,  tuberculosis,  "  gas  gangrene,"  contain  all  the 
conditions  necessary  for  such  a  proof.  When,  however,  the  disease  which 
appears  in  the  animal  after  inoculation,  manifestly  differs  from  the  corresponding 
disease  in  man,  or  when  animals,  generally,  are  not  susceptible  to  infection  by  the 
pure  cultivated  material,  the  question  is  more  difficult,  for  it  is  only  under  quite 
exceptional  conditions  that  there  has  been  any  opportunity  to  try  inoculation 
on  man.  In  most  of  these  cases,  therefore,  histological  investigation  must  be 
called  upon  to  complete  the  proof.  If  sufficient  care  be  taken,  this  certainly 
gives  thoroughly  reliable,  although  not  perfectively  conclusive  results. 


Fig.  12. — Test-tube  with  agar 
showing  an  oblique  sur- 
face, on  which  is  a  stroke 
culture  of  stapliylococcus 
pyogenes  aureus.  The 
tube  is  closed  with  wad- 
ding. 
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D,  Specific  Nature  and  Constancy  of  Species  of  the 
Pathogenic  Schizomycetes 

When  it  was  recognised  that  a  number  of  pathogenic  micro-organisms 
existed  free  in  the  neighbourhood  of  man,  and  especially  in  places  where  non- 
pathogenic putrefactive  microbes  Avere  also  found,  the  question  arose  whether 
it  was  possible  that  these  putrefactive  microbes  or  saprophytes  could  become 
transformed  into  pathogenic  schizomycetes.  The  results  obtained  in  other 
connections  regarding  adaptation  and  selection  made  such  a  transformation 
appear  perfectly  conceivable,  and  the  fact  that  scrupulous  cleanliness  greatly 
diminished  the  occurrence  of  infection  pointed  in  the  same  direction. 

The  earliest  bacteriological  investigations,  however,  showed  that  there  was 
great  constancy  in  the  external  appearance  as  well  as  in  the  biological 
characters  of  the  schizomycetes  present  in  e^.ch  individual  infective  disease, 
while  the  organisms  of  different  infective  diseases  manifested  just  as  regular  a 
difference.  These  facts  led  to  the  assumption  of  sharply  divided  species  of 
l^athogenic  schizomycetes,  and  it  cannot  be  overlooked  that  this  assumption  was 
decidedly  useful,  since  it  was  the  starting-point  of  the  present  development  of 
bacteriology. 

It  was  soon  discovered,  however,  that  the  poisonous  properties,  a  very 
important  biological  characteristic  of  the  schizomycetes,  were  by  no  means 
always  uniform.  Most  of  the  pathogenic  schizomycetes  diminish  in  virulence 
if  they  are  repeatedly  cultivated  pure  on  artificial  media.  The  diminution 
of  virulence  may  even  be  very  rapid  if  the  colonies  are  allowed  to  develop  at 
unusual  temperatures,  too  high  or  too  low,  or  if  chemical  bodies  which  retard 
development  are  mixed  with  the  nutrient  media.  Corrosive  sublimate,  nitrate 
of  silver,  and  thymol  in  very  weak  solution  have  been  used  for  this  purpose. 
As  has  already  been  mentioned,  Pasteur's  method  of  producing  material  for 
protective  inoculation  is  founded  on  those  facts.  Pasteur,  Koch,  Chauveau, 
Arloing,  Thomas,  Cornevin,  Hess,  and  Kitt  have  in  this  way  produced  weak 
infective  virus  which  tend  to  cause  mild  forms  of  anthrax,  fowl-cholera,  sympto- 
matic anthrax,  rabies,  and  swine-erysipelas,  so  that  survival  from  the  mild 
attack  gives  protection,  as  a  rule,  against  infection  with  the  very  virulent 
material. 

Nageli  and  Buchner  have  further  extended  these  experiments,  which 
decidedly  supported  a  certain  variability  of  the  pathogenic  schizomycetes. 
Nageli  attempted  to  cultivate  on  meat  extract  the  schizomycete  which  produces 
lactic  acid  fermentation  in  milk,  and  by  this  means  altered  its  properties  to 
such  a  degree  that  when  the  schizomycete  was  again  placed  in  milk  it  caused 
ammoniacal  fermentation.  Buchner  informs  us  that  he  succeeded  similarly  in 
transforming  the  innocuous  hay  bacillus  (bacillus  subfilis)  into  the  eminently 
pathogenic  anthrax  bacillus  by  cultivating  it  in  various  ways.  Other  state- 
ments have  also  been  made  to  the  effect  that  the  form  and  size  of  bacilli  alter 
under  the  influence  of  artificial  cultivation,  or  that  their  capacity  for  spore 
formation  is  finally  lost. 

We  are  hardly  in  a  j)osition  at  present  to  give  a  final  decision  as  to  the 
meaning  of  these  variations,  which  undoubtedly  occur,  especially  as  the 
interesting  experiments  of  Buchner  still  await  confirmation.  It  is  clear, 
however,  that  the  question  of  the  variability  and  the  constancy  of  species  of 
the  schizomycetes  is  highly  important,  since  it  contains  the  solution,  perhaps, 
of  a  wider  problem.     We  know  that  many  infectious  diseases   arise  from  the 
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entrance  of  pathogenic  schizomycetes  into  the  human  and  animal  body.  The 
new  question,  however,  arises,  How  do  the  schizomycetes  originate  ?  Can  they 
develop  from  saprophytes,  and  if  so,  under  what  conditions  1  The  fact 
that  these  pathogenic  schizomycetes,  which  can  also  thrive  in  the  external 
Avorld  outside  the  animal  or  human  body,  prefer  the  neighbourhood  of  the 
animal  and  human  body,  especially  human  habitations,  by  no  means  excludes 
the  possibility  of  their  formation  from  saprophytes.  This  fact  only  shows 
that  if  saprophytes  are  converted  into  pathogenic  microbes  by  variation  and 
cultivation,  man  and  the  saprophytes  must  mutually  influence  each  other  to  a 
great  extent. 
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E.  Review  of  the  most  important  Pathogenic  Schizomycetes 

Among  the  diseases  caused  by  micrococci,  the  most  important  wound 
infections,  the  typical  form  of  acute  disease  of  the  lungs  (croupous  pneumonia), 
and  gonorrhoea  may  be  mentioned. 

Within  the  last  twenty  years  the  teaching  of  pathology  has  undergone 
radical  changes  as  regards  wound  infections.  Long  before  this,  certainly,  it 
had  been  noted  that  incised  wounds  sometimes  cicatrised  very  quickly  without 
the  occurrence  of  suppuration.  Such  healing  per  pimam  intentionem  was 
aimed  at  in  certain  favourably  situated  cases,  but  was  always  a  rare  occur- 
rence and  Avas  only  obtained  by  very  careful  treatment.  Suppuration,  there- 
fore, was  supposed  to  be  a  phenomenon  belonging  to  the  natural  process  of 
healing,  which  was  always  present,  more  especially  after  extensive  injuries  com- 
bined Avith  loss  of  tissue. 

The  aim  of  the  surgeon  was  to  avoid  too  extensive  and  protracted  sup- 
puration, since  experience  taught  that  such  very  extensive  suppuration  gave 
rise,  not  only  to  high  fever,  but  also  frequently  to  suppuration  in  internal 
organs.  These  purulent  metastases,  or  metastatic  abscesses,  in  the  internal 
organs  were,  in  their  most  essential  points,  correctly  interpreted  as  the  result 
of  the  absorption  of  the  pus-forming  elements  into  the  blood.  Attention  was 
therefore  directed  to  keejiing  the  wounds  clean  and  providing  an  exit  for  the 
pus.  Many  surgeons  have,  in  fact,  obtained  splendid  results  simply  by 
scrupulous  cleanliness  (Koberle),  while  others,  by  purely  empirical  methods, 
discovered  dressing  lotions  which,  by  virtue  of  the  acids,  metallic  salts,  and 
other  substances  they  contained,  considerably  limited  the  suppuration  (Theden). 
Lister  was  the  first  to  introduce  a  method  of  antiseptic  treatment  based  on 
scientific  principles. 

As  may  be  gathered  from  previous  considerations,  traumatism  always 
produces  circulatory  reactions  and  exudations.  The  exudation  issuing  from 
the  congested  vessels  is,  however,  a  fluid  rich  in  fibrinogen  which  coagulates 
whenever  cells  pass  from  the  vessels  into  it.  The  red  and  white  blood 
corpuscles,  it  is  knoTATi,  contain  large  quantities  of  fibrin  ferment  which  cause 
coagulation  in  fluids  containing  fibrinogen  (Alex.  Schmidt).  According  to  this 
author,  the  solid  material  formed  by  coagulation  consists  of  fibrin. 

Pus,  on  the  other  hand,  takes  the  form  of  an  exudation  rich  in  leucocytes, 
whose  coagulahility  is  arrested  hy  the  action  of  certain  micro-m'ganisms,  the  pyogenic 
schizomycetes.  These  micro-m'ganisms,  tchen  introduced  into  the  tissues  or  on  to  the 
surface  of  the  wound,  have  the  further  effect  of  producing  exudation.  While  it  was 
formerly  believed  that  any  foreign  body  introduced  under  the  skin  or  into 
a  serous  cavity  could  excite  suppuration,  we  are  now  convinced  that  this 
only  took  place  when  the  foreign  body  was  contaminated  by  pus -forming 
organisms.  If  the  foreign  body  were  carefully  sterilised,  it  simply  became 
enclosed  in  the  tissues  of  the  human  being  or  animal  to  which  it  Avas 
transferred.  If  sterilisation  be  omitted,  suppuration  may,  as  a  rule,  be  ex- 
pected, because  the  pus-forming  schizomycetes  are  very  commonly  present  in  the  vicinity 
of  man.  Even  strong  cauterising  chemicals  cause  no  suppuration,  if  they  have 
previously  been  carefully  freed  from  pus -forming  schizomycetes.  If  a  few 
drops  of  oil  of  turpentine  or  creosote  be  injected  under  the  skin  without  further 
precautions,  suppuration  follows ;  but  if  sterilised  fluids  and  syringes  be  exclu- 
sively used  in  this  experiment  and  the  surface  of  the  skin  be  carefully  cleansed 
before  the  injection,  there  is  no  suppuration.     Another  method  is  to  enclose  the 
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fluid  to  be  tested  in  a  thin-walled  glass  ball  and  sterilise  them  together.  The 
glass  is  allowed  to  become  enclosed  under  the  skin  of  an  animal.  If  it  be 
then  broken  by  external  pressure,  the  irritating  fluid  flows  into  the  tissues  and 
causes  local  disturbances  of  circulation,  perhaps  also  local  necrosis.  Suppura- 
tion, however,  does  not  occur. 

There  are  some  cliemical  bodies,  hoivever,  irhich  give  rise  to  extidatioii  resemUing 
pus.  Croton  oil  (Cohnheim  and  Councilman)  and  cadaverin  (Grawitz)  are  best 
known.  When  introduced  beneath  the  skin,  they  cause  the  foi^mation  of 
cellular  exudations  -which  do  not  coagulate.  It  is  doubtful  whether  these 
are  identical  with  true  pus.  In  the  first  place,  it  appears,  as  may  be  gathered 
from  the  investigations  of  Grawitz,  that  in  chemical  suppuration  an  unusually 
active  participation  of  the  fixed  cells  of  the  connective  tissue  takes  place.  The 
cells  of  this  exudation  are  only  to  a  relatively  limited  extent  emigrated  Avhite 
cells,  the  major  portion  are  derived  from  the  flat  and  round  connective  tissue 
cells.  True  pus,  on  the  other  hand,  consists  almost  exclusively  of  emigrated 
white  cells.  It  must  also  be  remembered  that  those  chemical  or  toxic  exuda- 
tions cannot  cause  metastatic  suppuration,  unless  schizomycetes  have  developed 
in  them  secondarily.  In  suppuration,  however,  one  of  the  chief  dangers  lies 
in  the  metastatic  formations. 

It  may  be  supposed  that  the  pyogenic  organisms  generate  an  unorganised 
enzyme  in  the  tissues,  which  dissolves  the  fibrin  of  the  exudation  in  statu 
nascendi,  and,  in  the  same  way,  liquefies  the  elements  of  the  tissues  within 
the  suppurating  area.  By  this  liquefaction  the  tissues  infiltrated  Avith  pus 
are  converted  into  a  cavity  containing  fluid  pus,  an  abscess.  Lastly,  it  must  be 
mentioned  that  ammonium  and  trimethylamin  are  present  in  the  metabolic 
products  of  the  pyogenic  organisms,  bodies  Avhich  can  produce  marked  cir- 
culatory disturbances  even  when  greatly  diluted,  and  therefore  thus  maintain 
and  increase  the  exudation. 

Among  the  most  important  pus-forming  schizomycetes  the  best  known  are  : — 

1.  Staphylococcus  Pyogenes  (Ogston) 

In  abscesses  of  the  skin,  the  subcutaneous  cellular  tissue,  the  mamma, 
the  parotid,  the  lymph-glands,  and  the  tonsils,  in  purulent  accumulations  in 
the  pleural  cavities,  bursa3-mucosfe,  and  joints,  in  suppurating  bone  marrow  and 
in  other  situations,  a  staphylococcus  is  very  frequently  found,  occurring  in 
three  forms  (perhaps  to  be  regarded  as  varieties),  as  staphylococcus  j^yogenes 
aureus,  albus,  and  citreus. 

This  schizomycete  is  frequently  present  in  large  numbers  in  fresh  pus, 
sometimes  as  a  pure  culture.  A  dried  cover-glass  preparation,  stained  with 
methylene  blue,  shows  its  characteristic  appearance  without  any  difficulty 
(Plate  II.,  Fig.  a). 

It  may  be  cultivated  pure  without  difliculty  by  von  Eosenbach  and  Passet's 
process.  On  gelatine  or  agar-agar  plates  it  forms  small,  golden-yellow,  white, 
or  lemon -yellow  colonies  fairly  opaque.  The  gelatine  is  liquefied.  Potato 
cultures  also  do  well.     The  best  temperature  is  37°  C. 

2.  Streptococcus  Pyogenes 

This  schizomycete  (Plate  II.,  Fig.  b)  forms  short  and  long  chains  of  micro- 
cocci, stained  by  most  aniline  stains.  They  are  found  in  great  numbers  in 
the  abdominal  cavity  in  puerperal  peritonitis  and  after  laparotomy  (Orth) ;  also 
in  metastatic  abscesses.     It  is  easily  cultivated  in  solid  or  fluid  nutrient  media 
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(optimum  temperature  30"  to  37°  C.)  Deep  within  the  agar  or  gelatine  plates  it 
appears  as  a  small  transparent  or  whitish  colony  ;  but  on  the  surface  of  the 
plate  it  grows  laterally  and  forms  masses  AV'hich  may,  at  a  later  stage,  become 
somewhat  brownish  in  colour. 

3.  Streptococcus  Erysipelatis 

The  first  reliable  observations  were  made  by  von  Recklinghausen  and 
Lukomsky,  who  found  the  connective  tissue  spaces  and  lymph-vessels  in  the 
margin  of  the  spreading  erythematous  area  of  the  skin  filled  with  more  or 
less  dense  accumulations  of  micrococci  (Fig.  13).  Since  then  Fehleisen  has 
succeeded  in  obtaining  pure  cultures  of  this  organism.  It  is  doubtful,  however, 
whether  it  is  distinct  from  the  streptococcus  pyogenes.  The  resemblance  be- 
tween the  two  varieties  is,  certainly,  Axry  close. 

These  are,  certainly,  not  all,  but  the  most  important  of  the  recognised  pus- 
forming  schizomycetes.  Their  pathogenic  action  has  been  repeatedly  tested 
expei-imentally.  It  was  thus  found  that  these  pathogenic  micro-organisms 
which  were  derived  from  man  could  not  always  produce  supjDuration  in 
animals.     As   Grawitz   discovered,   and   as   I   can    confirm,   even  considerable 

quantities  of  staphylococcus  aureus,  injected  sub- 
cutaneously  or  into  the  pleural  cavities,  caused  no 
reaction.  Suppuration  only  occurred  invariably  if 
irritating  chemical  substances  were  injected  at  the 
same  time,  making  the  tissues  susceptible  to  the 
attacks  of  the  schizomycetes.  Among  such  irritat- 
ing chemical  substances  we  may  mention  the  meta- 
bolic products  of  the  pus-forming  cocci. 

It  may  be  assumed  from  clinical  experience  that 
the  tissues  of  the  human  body  also  offer  consider- 
able resistance  to  the  development  of  the  invading 
schizomycetes,  so  that  every  infection  is  not  followed 

Fig.  13. — Streptococcus  erj-sipelatis       ,  "^         .  _  ''    ,  .  •       i      i 

in  the  connective  tissue  spaces  by  suppuratiou.  It  must,  also,  be  recoguised  that 
of  the  skin,  x250.  the  virulence  of  these  micro-organisms  is  subject  to 

considerable  variation,  so  that  an  apparentl}'  trifling 
infection  terminates  at  one  time  in  the  formation  of  a  small  pustule,  Avhile  in 
other  cases  the  suppuration  extends  and  destroys  large  areas  of  tissue  or  causes 
death  by  general  disease. 

Seeing  that  the  result  of  the  infection  with  pus-forming  organisms  varies  so 
greatly,  it  is  interesting  to  find  that  their  power  of  causing  suppuration  in  man 
has  been  proved  experimentally.  Garre,  Bumm,  and  Bockhart  have  induced 
more  or  less  extensive  suppurations  in  themselves  and  in  others,  by  rubbing 
pure  cultures  of  staphylococci  into  superficial  abrasions  of  the  skin  or  into  the 
uninjured  skin,  or  by  injecting  them,  suspended  in  salt  solution,  under  the  skin. 
These  experiments  show,. also,  that  man  is  comparatively  susceptible  to  purulent 
infection.  In  a  similar  manner,  Fehleisen  caused  typical  erysipelas  with 
suppuration  in  man  by  inoculation  with  his  streptococcus  erysipelatis. 

The  pyogenic  streptococci  are  supposed  to  produce,  as  a  rule,  progressive 
suppuration,  while  the  staphylococci  are  more  frequently  limited  to  the  part 
first  affected.  It  appears  to  me,  also,  that  the  pyogenic  streptococci  are  the 
more  virulent  and  are  more  frequently  present  in  extensive  suppurations.  It 
is  frequently  observed,  hoAvever,  that  staphylococci,  also,  give  rise  to  far- 
spreading  suppuration  and  to  the  formation  of  metastatic  abscesses. 

The  development   of  suppuration  differs  according  to  the  special  circum- 
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stances  of  each  case.  Suppuration  in  the  sebaceous  glands,  such  as  the  furuncle 
which  frequently  occurs  in  pathologists,  depends,  as  a  rule,  upon  the  invasion 
of  the  glands  by  staphylococci  without  any  injury  of  the  skin.  If  kept  at  rest, 
these  furuncles  generally  run  a  favourable  course,  while,  by  active  movement, 
the  pus  is  easily  spread  and  the  absorption  rendered  much  more  active.  As 
physiological  experiment  has  shown,  active  and  passive  movements  vei'y  con- 
siderably accelerate  the  lymph -stream,  and  with  it  the  dissemination  of  the 
pathogenic  schizomycetes. 

In  the  same  way,  it  must  be  remembered  that  many  individuals  are  much 
more  liable  to  suppurative  infections  than  others,  by  reason  of  their  special 
predisposition.  This  is  specially  true  of  tubercular  subjects.  It  has  also  been 
mentioned  already  that,  in  many  other  febrile  infective  diseases,  such  as  typhoid 
for  instance,  mixed  infections  with  suppurative  virus  take  place  extremely 
frequently,  and  insignificant  solutions  of  continuity  in  the  skin  and  mucous 
membranes  provide  the  point  of  entrance  for  the  pus-forming  schizomycetes. 
There  can  be  no  doubt  that  the  mortality  statistics  in  typhoid  and  other  general 
infections  would  show  much  more  favourable  numbers  if  it  were  possible,  in  a 
large  number  of  cases  at  least,  to  exclude  this  mixed  infection  with  pyogenic 
schizomycetes.  This  fact  is  so  much  the  more  important,  since  the  physician,  by 
careful  nursing,  can  accomplish  so  much  in  this  connection.  For  instance,  a 
mistake  is  often  made  in  omitting  to  offer  drinks  at  regular  periods  to 
assuage  the  thirst  of  the  feverish,  unconscious  patient  who  cannot  express  his 
wants.  The  parched  condition  of  the  mouth  from  want  of  water  causes  small 
fissures  of  the  lips  and  tongue  which  allow  pyogenic  cocci  to  enter.  In  the 
same  way,  the  cessation  or  retardation  of  the  salivary  secretion,  due  to  the 
insufficient  supply  of  water,  appears  to  enable  the  schizomycetes  to  pass  from  the 
mouth  into  the  salivary  glands  by  means  of  the  salivary  duct,  and  thus  to  cause 
suppuration  in  the  parotid  for  instance.  The  formation  of  bed-sores  causes  the 
same  risks. 

The  opportunities  for  infection  by  pus-forming  schizomycetes  are  extremely 
numerous  and  varied.  In  this  connection  special  mention  ought  to  be  made, 
since  they  are  frequently  overlooked,  of  purulent  catarrh  of  the  accessory 
cavities  of  the  nose  and  catarrh  of  the  middle  ear,  from  which  the  infection  of 
the  nose  and  pharyngeal  cavity  generally  follows.  Catarrh  of  the  genito-urinary 
tract  must  also  be  mentioned.  In  this  condition  mixed  infections  are  fre- 
quently present,  in  which  one  or  other  form  of  the  pus-forming  schizomycetes 
already  mentioned  is  introduced  into  the  tract  in  addition  to  those  which  cause 
gonorrho?a.  The  pus-forming  schizomycetes  also  extend  to  the  bladder,  the 
ureters,  and  the  pelvis  of  the  kidneys,  and  finally  settle  down  in  the  kidney. 
Long  after  the  gonorrha?al  catarrh,  which  was  also  a  purulent  catarrh,  is  over, 
a  purulent  catarrh  of  the  urinary  passages  is  found  with  or  without  the  formation 
of  ulcers.  Abscesses  of  the  kidney  may  finally  appear,  and  it  was  in  these  that 
Klebs  first  demonstrated  the  pyogenic  schizomycetes  in  the  internal  organs  in 
man  (in  the  year  1866),  thus  anticipating  all  other  observations. 

In  many  cases  general  diseases,  varying  in  kind  and  importance,  are  associated 
with  local  suppurations.  In  the  first  place,  it  may  happen  that  the  soluble 
metabolic  products  of  the  schizomycetes  are  absorbed  by  the  blood  from  more  or 
less  limited  primary  foci  of  suppuration.  In  this  case  they  give  rise  to  more 
or  less  marked  rises  of  temperature  and  to  a  series  of  other  symptoms  which 
are,  as  a  rule,  included  under  the  term  fever.  If  the  pus  be  removed  by  any 
means  whatever,  the  fever  disappears  in  a  few  hours,  since  there  is  no  further 
absorption  of  j^oisonous  substances,  while  the  poisons  circulating  in  the  blood 
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are  very  rapidly  decomposed  and  excreted.  Such  cases  inay  be  regarded  as 
due  to  a  purulent  intoxication. 

Not  infrequently,  however,  putrefactive  and  pyogenic  schizomycetes  are 
taken  up  by  the  blood  along  with  the  soluble  chemical  poisons  of  the  pus ; 
and  thus  septic-pysemic  infections,  usually  termed  septiccemia  and  pycemia,  take 
place. 

By  scpticcrmia  is  understood,  as  a  rule,  a  general  disease  caused  by  a  wound 
infection  and  characterised  by  persistent  high  temperature.  Histological!}',  there 
is  found,  in  the  first  place,  a  series  of  changes  which  are  also  observed  in  most 
infections  associated  with  high  fever — enlargement  of  the  spleen,  cloudy  swelling 
of  the  heai't-muscle,  the  liver,  the  kidneys,  etc.  In  a  few  cases  it  is  possible  to 
demonstrate  the  presence  of  the  pus-forming  schizomycetes  both  in  the  blood 
during  life  and  in  the  cadaver.  In  the  kidney  and  liver  they  are  also  found 
occasionally,  but  hj  no  means  invariably.  In  other  cases  the  putrefactive 
schizomycetes  and  their  metabolic  products,  as  well  as  the  suppurative  schizo- 
mycetes, enter  the  blood  from  wounds  undergoing  putrefactive  decomposition. 
These  saprophytes  are  very  easily  overlooked,  as  they  do  not  find  conditions  at 
all  favourable  to  multiplication  in  the  human  body.  To  obtain  rapid  luxuriant 
growths  of  saprophytes,  however,  it  is  sufficient  to  preserve  small  portions  of  the 
organs,  excised  with  all  precautions,  from  a  septicsemic  cadaver  in  sterilised  tubes 
at  a  temperature  of  37  C.  Such  an  experiment  is,  of  course,  not  sufiicient 
proof  until  it  has  been  carefully  worked  out. 

In  addition  to  the  anatomical  changes  already  mentioned — enlargement 
of  the  spleen,  cloudy  swelling  of  the  heart-muscle,  the  liver,  and  kidneys — still 
another  series  of  changes  is  found  in  septicaemia.  Amongst  these,  in  the  first 
place,  there  may  be  mentioned  multiple  ecchymoses  in  the  pleura  and 
pericardium,  sometimes  also  extensively  distributed  through  all  the  organs. 
It  has  already  been  fully  explained  that  these  ecchj'moses  are  to  be  referred 
to  pathological  increase  in  the  permeability  of  the  capillary  walls.  As  a  fact, 
the  foreign  substances  circulating  in  the  blood,  the  metabolic  products  of  the 
schizomycetes,  and  the  products  of  the  abnormal  metabolism  of  the  pyrexial 
human  body,  seem  calculated  to  give  rise  to  such  disturbances  in  the  condition 
of  the  endothelial  lining  of  the  small  blood-vessels.  The  dropsical  eft'usions 
into  the  lung-tissue  (pulmonary  cedema)  which  sometimes  brings  about  the 
fatal  termination  are,  as  I  have  shown,  to  be  explained  in  the  same  way. 
Fibrinous  exudations  into  the  alveoli  of  the  lung  are  sometimes  associated 
with  these  oedemas.  The  abnormal  iDermeability  in  the  capillary  walls  is  also 
indicated  bv  the  occurrence  of  albumen  in  the  urine.  Changes  are  sometimes 
observed  in  the  digestive  tract  also,  such  as  swelling  of  the  gastric  mucous  mem- 
brane, intestinal  catarrh,  and  diphtheritic  destruction  of  the  mucous  membrane 
of  the  ileum  and  colon — changes  which  afterwards  will  be  more  minutely  de- 
scribed in  detail.  Lastly,  icterus  is  not  infrequently  observed,  while  extensive 
redness  of  the  skin  (surgical  scarlet  fever)  or  vesicular  skin  eruptions  only 
appear  in  a  few  cases. 

In  pycemia  similar  appearances  are  found,  with  this  diff'erence  that,  as  a 
result  of  the  dissemination  of  pyogenic  schizomycetes,  suppurations  appear 
simultaneously  in  the  most  different  parts  of  the  body,  accompanied,  as  a  rule, 
by  a  transitory  serious  aggravation  of  the  pyrexial  symptoms.  The  pyrexia 
assumes  an  intermittent  character.  These  transitory,  but  very  great,  rises  in 
the  internal  temperature  of  the  body  are  accompanied  by  rigors,  which  make 
the  critical  condition  of  the  patient  apparent  even  to  the  laity.  Histological 
examination  afterwards  shows  cloudy  swelling  of  the  heart-muscles,  the  liver. 
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the  kidneys,  recent  swelling  and  enlargements  of  the  spleen,  and,  a  most 
important  condition,  purulent  accumulations  in  the  joints  and  serous  cavities, 
larger  and  smaller  abcesses  in  different  organs,  the  lungs,  liver,  spleen,  kidneys, 
muscles,  eyes,  bone  marrow,  and  other  places.  Occasionally  also  suppuration 
occurs  in  the  sub-mucosa  of  the  stomach. 

In  these  metastatic  suppurative  foci  the  pyogenic  schizomycetes  are  demon- 


Fig.  14.~Zoogloea  formed  by  pyogenic 
micrococci  in  liver  capillaries,  x  400. 


Fig.  15. — Zoogluea  in  a  capillary  in  the  medulla  of  the  kidney. 
Stained  with  alum-carmine.  The  individual  micrococci 
cannot  be  recognised  by  the  use  of  a  microscope  with  a 
small  angle  of  aperture.  The  entire  mass  appears  as  a 
dark  red  body  (black  in  the  figure),    x  240. 


strated  without  difficulty,  either  by  histological  examination  or  by  pure  cultivation 
Fig.  14  shows  a  zoogloea  colony  in  a  capillary  of  the  liver,  greatly  magnified. 

This  colony  is  evidently  quite  recently  formed  ;  at 
least  there  are  no  noticeable  changes  to  be  found  in  the 
tissues  in  their  neighbourhood.  Not  infrequently  the 
capillary  channels  in  such  cases  appear  varicose  and 
greatly  distended  by  the  masses  of  zooglcea  (Fig.  15)  in 
a  manner  which  cannot  be  explained  as  the  simple  result 
of  blood-pressure.  We  are  forced  to  conclude  that  the 
zoogloea  have  increased  in  size  within  the  capillary  tube, 
since  only  the  pressure  of  growth  is  capable  of  producing 
the  very  marked  varicosities.  It  is  also  very  apparent 
that  the  adjacent  tissues  become  infected  from  such  a 
zooglcea  mass  in  a  way  which  can  only  be  explained  by 
growth  and  multiplication  of  the  schizomycetes  i-n  situ  (Fig, 
16).  Minute  groups  of  micrococci  pass  out  through  the 
vessel  wall,  apparently  through  the  cement  substance  lying 
between  the  endothelial  cells  of  the  vessel,  as  seems  to  be 
indicated  by  the  peculiar  shape  and  position  of  these  little 
swarms  of  micrococci. 

In  the  neighbourhood  of  these  groups  of  schizomy- 
cetes, which  have  been  brought  by  the  blood  and  have 
then  multiplied  luxuriantly,  necrosis  of  the  tissue 
elements  takes  place,  evidently  owing  to  the  action  of 

the   metabolic  products  of  the  schizomycetes.      The  necrosis  is  followed   by 
suppuration. 

Extension  of  the  pathogenic  micro-organisms  from  the  floor  and  margins  of 
the  primary  focus  of  infection  throughout  the  whole  body  takes  place  partly  by 
means  of  the  tissue  spaces  and  serous  cavities,  partly  through  lymphatic  channels, 


Fio.  16.— Zoogloea  in  capil- 
lary of  kidney.  Some 
micrococci  have  passed 
through  its  wall,     x  400. 
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and  i^artly  by  direct  invasion  of  the  blood,  as  was  shoAvn  specially  by  Virchow's 
classical  researches.  Inasmuch,  however,  as  the  tissue  spaces  and  serous  cavities, 
as  well  as  the  lymph-channels,  give  up  their  contents  to  the  blood  at  last,  the 
blood -stream  is  the  most  important  channel  for  the  dissemination  of  these 
organisms.  This  Avill  be  more  fully  discussed  in  the  chapters  on  "embolism"  and 
"  thrombosis."  It  should  be  noted,  however,  that  pyogenic  schizomycetes  are  fre- 
quently deposited  on  the  walls  of  the  vessels  also,  the  valves  of  the  heart 
especially — a  fact  of  special  importance  for  the  further  course  of  the  disease. 

Py^emic  disease  of  the  valves  of  the  heart  (endocarditis  pycemica)  is  chiefly  of 
an  ulcerative  character,  as  may  be  gathered  from  the  researches  of  Heiberg, 
Eberth,  Wedel,  Burkart,  Thoma,  R.  Mayer,  Klebs,  Koster,  and  others.  It 
forms  small  and  large  erosions  or  ulcers,  chiefly  on  the  line  of  ajjposition  of 
the  valves.  The  base  and  margins  of  these  ulcers  contain  deposits  of  jjyogenic 
schizomycetes,  in  the  neighbourhood  of  which  the  tissue  partly  dies,  partly  swells 
up  from  accumulation  of  pus  cells.  Usually  these  valvular  ulcers  are  covered 
by  fibrin  deposited  from  the  blood,  in  which  the  same  schizomycetes  grow 
luxuriantly.  Since  the  blood  separates  and  floats  off"  part  of  this  fibrinous 
deposit,  a  very  considerable  infection  of  the  blood  results,  which  is  manifested, 
as  a  rule,  by  the  occurrence  of  numerous  abscesses  throughout  the  body. 

The  particulars  of  all  those  pathological  processes  Avill  be  considered  later. 
It  must  be  further  mentioned  here,  however,  that  opportunity  is  frequently 
given  of  observing  cases  of  pyemia  in  which  it  is  not  possible  to  demonstrate 
the  point  at  which  the  poison  entered  the  body — the  focus  of  primary  infection. 
In  order  to  understand  these  crijptogenetic  pycemias  we  must  refer  to  the 
fact  that,  as  experience  has  shown,  not  only  can  very  insignificant  local  lesions 
form  the  starting-point  for  serious  disease,  but  that  small  septic  injuries  may 
even  heal  completely  and  without  a  trace,  although  they  have  served  as  the 
starting-point  of  a  serious  general  py^emic  infection.  It  must  be  understood, 
however,  that  a  pyjemia  can  only  truly  be  called  cryptogenetic  if  the  histological 
investigation  has  included  the  less  accessible  parts  of  the  body  also,  such  as  the 
accessory  cavity  of  the  nose,  etc. 
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4.  Diplococcus  Gonorrhoese 

In  recent  gonorrhoea  a  peculiar  schizomycete  is  frequently  found  in  the  prim- 
arily clear,  subsequently  purulent,  exudation  from  the  genital  mucous  membrane. 
This  is  the  diplococcus  of  gonorrhoea,  which  was  also  called  the  gonococcus, 
discovered  by  Neisser.  After  protracted  catarrh  the  exudation  from  the  mucous 
membrane  loses  its  purulent  character  and  becomes  scanty  and  only  slightly 
opaque.  At  this  stage  the  schizomycete  cannot,  as  a  rule,  be  demonstrated, 
as  it  is  then  frequently  crowded  out  by  other  microbes. 

In  the  recent  discharge  the  schizomycete  appears  partly  free,  partly  enclosed 
in  pus  cells  (Plate  II.,  Fig.  c).  It  appears  as  pairs  of  cocci,  whose  separate 
members  sometimes  show  indication  of  transverse  division.  The  plane  of  this 
transverse  division  is  perpendicular  to  the  plane  of  separation  between  the  two 
units  which  form  the  pair  of  cocci.  It  was  first  successfully  cultivated  pure  on 
blood -serum,  and  subsequently  on  beef-peptone-agar  at  body  temperature.  In 
the  mucous  membrane  this  organism  invades  the  superficial  layers  of  the 
epithelium  passing  in  between  the  epithelial  cells  ;  it  is  only  sparingly  found  in 
the  superficial  layers  of  the  connective  tissue  of  the  mucous  membrane.  In  the 
female  it  sometimes  spreads  along  the  mucous  membrane  to  the  Fallopian  tubes, 
bladder,  and  pelvis  of  the  kidney  ;  in  the  male  into  Cowper's  glands,  the  bladder, 
the  pelvis  of  the  kidney,  and  into  the  vas  deferens  and  epididymis.  At 
birth,  it  is  not  infrequently  conveyed  to  the  conjunctivae  of  the  child,  where 
it  causes  a  violent  purulent  catarrh,  which  may  destroy  the  eye. 

It  has  not  been  found  possible  to  transmit  this  schizomycete  to  animals,  but, 
in  man,  inoculation  into  the  urethra  caused  violent  purulent  catarrh. 

In  gonorrhoea  in  man  other  schizomycetes  are  very  often  found  at  the  same 
time  in  the  secretion  from  the  mucous  membrane.  Experience  shows  also  that, 
with  or  after  gonorrhoeal  infection,  other  infections  (mixed  infections)  with  pyo- 
genic micro-organisms  or  tubercular  bacilli  may  occur.  It  is  sometimes  noted 
that,  after  gonorrhoeal  infection,  collections  of  pus  form  in  the  joints  with  or 
AWthout  mycotic  disease  of  the  cardiac  valves.  These  are  usually  attributed 
to  mixed  infections  ;  but  the  gonococcus  has  repeatedly  been  demonstrated  with 
absolute  certainty  in  the  pus  in  the  joints. 
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5.  Diplococcus  Pneumonise  (Frankel) 

Croupous  pneumonia  appears  as  an  acute  disease  of  the  lungs,  distinguished 
by  a  characteristic  pyrexial  temperature.  Large  areas  of  the  pulmonary  tissue, 
sometimes  whole  lobes,  are  afi'ected  equally  and  the  alveoli  are  filled  with  a 
highly  fibrinous,  coagulated  exudation  from  the  blood-vessels.  The  affected 
portions   of  the   lung,  at  the  height   of  the  disease,  accordingly  are  airless, 
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grayish-red  or  gray,  an  appearance  which  has  often  been  compared  to  liver 
tissue.  Fibrinous  exudation  is  observed,  at  the  same  time,  on  the  pleura,  and 
occasionally  on  the  mucous  membrane  of  the  bronchioles  of  the  affected  part. 

After  Klebs  had  first  found  microbes  in  such  pneumonic  lungs,  some  com- 
munications of  Friedliinder  concerning  similar  discoveries  excited  general 
interest.  They  will  be  considered  later  in  the  description  of  the  pathogenic 
bacilli.  The  investigations  of  A.  FrJinkel  and  Weichselbaum  have,  however, 
shown  that  different  microbes  evidently  co-operate  in  this  disease,  and  that,  as 
a  rule,  the  determining  part  is  played  by  a  diplococcus,  the  pneumonia- 
microbion  of  Friinkel,  called  diplococcus  pneumoniae  by  Weichselbaum.  These 
conclusions  are  in  complete  accord  with  my  own  observations.  The  diplococcus 
pneumonia?,  consists  of  spherical  bodies,  sometimes  oval  or  indented  by  a  median 
constriction,  usually  united  in  pairs  by  a  common  glia  capsule.  Sometimes 
several  diplococci,  arranged  in  a  row,  form  short  chains  of  from  four  to  eight 
individuals  (Plate  II.,  Fig.  d).  Less  commonly  there  are  chains  with  a  larger 
number  of  members. 

They  may  be  successfully  stained  by  many  nuclear  aniline  stains,  methylene 
blue,  gentian  violet,  etc.  Gram's  method  of  staining  also  gives  good  results. 
It  must  be  remembered,  however,  that  the  glia  capsules  of  these  microbes  readily 
lose  the  stain  they  have  taken  up. 

In  pure  culture  this  schizomycete  shows  itself  to  be  a  very  sensitive  organism. 
Temperatures  below  22°  C.  and  above  42*5°  C.  arrest  its  growth.  It  develops 
best  at  35°  to  37°  C,  and  in  slightly  alkaline  nutrient  media.  It  loses  its  viru- 
lence very  rapidly  in  all  artificial  media,  and  can  only  be  preserved  by 
frequently  repeated  cultivation  or  by  inoculation  into  rabbits. 

Unfortunately,  we  are  not  yet  able  to  prove  with  certainty  by  experiment 
that  this  schizomycete  is  the  exciting  cause  of  croupous  pneumonia.  Its  invari- 
able presence  in  this  disease  cannot  be  doubted,  although  it  is  only  in  recent 
cases  that  it  can  be  demonstrated  with  certainty.  In  addition  to  it,  however, 
Friedliinder's  pneumo-bacillus  is  also  found,  as  well  as  different  pyogenic  schizo- 
mycetes  in  varying  amount.  These  latter  are  mostly  streptococci,  and  are  un- 
doubtedly to  be  regarded  as  originating  mixed  infections.  They  accordingly 
disturb  the  usual  course  of  the  croupous  pneumonia  by  converting  the  fibrinous 
exudation  Avhich  fills  the  lung  alveoli  into  pus.  The  pathogenic  significance 
of  Friedliinder's  pneumo-bacillus  is  all  the  more  uncertain,  as  the  discoverer 
himself  often  confounds  the  pneumo-bacillus  with  the  diplococcus  pneumonise. 
Important  evidence  for  the  pathogenic  nature  of  the  diplococcus  pneumonia? 
may  be  mentioned  which,  in  my  opinion,  has  not  as  yet  been  fully  appreciated — 
namely,  that  in  croupous  pneumonia  diseases  of  other  organs  not  infrequentl}' 
appear,  especially  pus-like  exudations  into  the  pia  mater  (Eberth,  Sanger,  A. 
Friinkel,  Foa,  Bordoni,  Uffreduzzi,  Thoma,  Weichselbaum),  and,  in  rarer  cases, 
peculiar  diseases  of  the  endocardium. 

It  appears  that  in  these  complications  of  croupous  pneumonia  only  two 
varieties  of  schizomycetes  have  as  yet  been  discovered.  In  one  series  of  cases 
the  complications  were  the  result  of  a  mixed  infection  by  pyogenic  schizomy- 
cetes ;  in  the  other  series  of  cases,  however,  the  effusions  in  the  soft  membranes 
of  the  brain  and  the  growths  on  the  cardiac  valves  contained  the  diplococcus 
pneumonia?  exclusively  (Friinkel).  While  contamination  of  the  exudation  by 
accidentally  acquired  foreign  schizomycetes  cannot  be  excluded  in  the  lungs, 
in  view  of  the  to  and  fro  movement  of  the  respired  air  and  the  anatomical 
relations  of  the  bronchi  with  the  hollow  organs  of  the  face  and  neck,  which  are 
plentifully  supplied  with  microbes,  such  objections  do  not  apply  to  what  is 
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found  on  the  endocardium  and  brain  membranes.  Here  we  have  an  exj^eri- 
mentum  naturce  (as,  for  instance,  in  the  case  which  H.  Mayer  described  at  mj^ 
suggestion).  The  schizomycete  in  question,  which  may  be  demonstrated  in  nearly 
all  cases  in  the  pneumonic  exudation,  is  deposited  as  a  pure  culture  in  other 
parts  of  the  patient's  body,  in  the  brain  membranes  and  endocardium,  and  in 
these  manifests  itself  as  a  pronounced  pathogenic  schizomycete. 

Such  facts  certainly  cannot  rank  as  conclusive  proofs,  but  they  appear  to 
me  to  be  most  important  arguments  in  favour  of  the  pathogenic  nature  of 
the  diplococcus  pneumonife. 
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6.  Sarcina  Ventriculi 

This  schizomycete  is  not  infrequently  found  in  the  contents  of  the  stomach 
in  chronic  gastric  catarrh,  especially  when  this  is  associated  with  dilatation  of 
the  stomach.     It  was  first  observed  by  Goodsir.     It  is 
sometimes   present  in  great  abundance.     It  has  been  ^f'f^' 

connected    with    processes    of    decomposition    in    the        £_  ©  f  ^^-^  f"C"*'', 
stomach,  with  butyric  fermentation  especially  ;  but  this       t^,  f  f  ^^,  ^-  f  f  ,^^ 

is  doubtful.  ...  ...  %  \^^^  Vf  i 

Sarcinte  ventriculi  consist  of  round  individual  ele-  * '^       '  :'-_:'■■' 

ments,    every    eight    arranged    in    small   quadrangulai' 


packets,  Avhich  have  not  inappropriately  been  compared  """  ^^-.^ 
to    bales  of  goods  (Fig,    17).     Such  packets  of  eight                   -„,j    •*S*t%4 
individual  elements  are  frequently  united  to  form  larger                  u.-"*^^  ^'"^'ji' 
parcels,   in   which,    however,   the   rectangular   arrange- 
ment of  the  fragments  is  preserved.  ^"'-   i'--Sa'-cina  ventriculi 

°  1        •      1    1       T  1-1  •  from  the  contents  of  the 

The  separate  spherical  bodies  whicli  constitute  the  stomach.  Large  and  small 

sarcina?  allow  us  to  ditferentiate  the  strongly  refractile  varieties,   xisoo. 

contents  from  a  broad  cortical  layer.     They  sometimes 

look  as  if  the  eight  spherical  portions  of  the  contents  were  surrounded  by  a 
common  envelope  which  showed  slight  constrictions  between  the  separate 
portions  of  the  contents.  The  contents  are  sometimes  of  a  faint  reddish  tint. 
The  size  of  the  several  cells  is  exactly  the  same  in  each  sarcina,  but  varies 
within  wide  limits,  1  to  3  /x,  in  different  colonies. 
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7.  Sarcina  Urese 

A  very  minute  form  of  sarcina  is  sometimes  found  in  the  urine,  perhaps  only 
as  an  innocent  parasite,  causing  slight  turbidity  of  the  urine.  In  external 
appearance  the  sarcina^  of  the  urine  do  not  differ  from  the  small  form  of  the 
sarcinse  of  the  stomach,  but  their  separation  as  a  distinct  variety  has  been 
perfectly  justified,  since  Hartge  demonstrated  under  my  superintendence,  that 
the  sarcinae  of  the  urine,  unlike  the  sarcinse  of  the  stomach,  decidedly  preferred 
acid  nutrient  media,  and  may  be  obtained  without  difficulty  as  plate  cultures  by 
attention  to  this  peculiarity. 

For  this  pur^jose  sterilised  agar  containing  urine  rendered  acid  by  phos- 
phoric acid  is  most  suitable.  The  schizomycete,  in  question,  thrives  most 
luxui'iantly  at  a  temperature  of  37°  C. 

Varieties  of  sarcinie  have  been  repeatedly  observed  in  bronchial  secretion 
also,  especially  in  infarct  of  the  lung.  On  account  of  their  slight  pathological 
importance  they  may,  however,  be  disregarded  here. 
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A  series  of  anaerobic  pathogenic  bacilli  may  now  be  mentioned. 

8.  Bacillus  CEdematis  Maligni 

This  schizomycete,  frequently  found  in  garden  soil,  was  first  made  use  of 
by  Klebs  for  experimental  production  of  wound  infection.  More  recently  the 
researches  of  Brieger,  Ehrlich,  Chauveau,  and  Arloing  showed  that  the  same 
schizomycete  was  sometimes  met  with  in  man,  in  wounds  which  were  associated 
with  extensive  local  tissue -death  (gangrene).  The  gangrene  is  preceded  by 
a  marked  exudation  of  the  blood-plasma,  generally  mixed  with  blood-pigment, 
into  the  tissues  (hpemorrhagic  oedema).  At  the  same  time  bullae  containing  gas 
are  sometimes  formed  in  the  dying  tissue  (gas  gangrene).  INIicroscopically, 
slender  bacilli,  3  to  4  /a  long,  are  found  in  the  tissue  fluids.  They  may  be 
cultivated  without  difficulty  if  placed  within  tubes,  filled  to  a  height  of  30  to 
50  cm.  with  sterilised  broth,  beef -peptone-gelatine,  or  beef-peptone-agar  which 
have  been  previously  freed  from  air  by  careful  boiling.  The  addition  of  grape- 
sugar  is  an  advantage.  The  bacilli  multiply  very  quickly  both  at  the  tempera- 
ture of  the  room  and  in  the  incubator,  with  occasional  formation  of  gas  in  the 
nutrient  media.  Examined  in  hanging  drops,  the  bacilli  are  seen  to  be  motile, 
moving  by  means  of  fine  cilia. 

9.  Bacillus  Emphysematis  Maligni 

In  three  cases  of  "  gas  "  gangrene  in  man,  "Wicklein,  working  in  my  institute, 
found  a  bacillus  very  similar  to  the  preceding  one  (see  Plate  III.,  Fig.  «),  which 
diff"ered,  however,  in  the  much  greater  formation  of  gas,  as  well  as  in  the  fact 
that,  when  transferred  to  animals  for  experiment,  it  showed  reactions  diff"erent 
from  those  of  the  oedema  bacillus,  which  will  be  more  thoroughly  described 
under  the  following  variety  of  schizomycete.      Since  in  those  three  cases  we 
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had  to  deal  with  injuries  from  agricultural  machines,  it  may  be  assumed  that 
this  microbe  also  originates  from  the  soil. 
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10.  Bacillus  Carbunculi  Symptomatici 

I  haA^e  used  the  Latin  term  carbimculus  sijmptomaticus,  corresponding  to 
the  French  and  Italian  terms  charhon  symptomatique  and  carhonchio  sinto- 
matico  instead  of  "  black-leg  "  (Rauschbrand),  for  a  disease,  first  recognised  and 
described  by  Feser  as  due  to  microbes.  This  disease  is  also  caused  by  a  rod- 
shaped  micro-organism  which  is  figured,  as  a  rule,  as  somewhat  more  slender 
than  the  bacillus  oedematis  maligni.  The  difference  in  external  characters  is, 
however,  too  slight  to  justify  a  distinction  by  them  alone. 

Arloing,  Cornevin,  Thomas,  and  Kitasato  have  cultivated  the  "  black-leg " 
bacillus  in  fluid  nutrient  media  and  recognised  it  as  being  obligatory  an^robic. 
To  distinguish  it  from  the  two  preceding  varieties  of  schizomycetes,  which  are 
very  similar  to  it,  it  should  be  noted  that  the  black-leg  bacillus  is  much  more 
actively  motile.  It  was  also  shown  by  Arloing,  Cornevin,  and  Thomas  that  a  very 
serviceable  material  for  protective  inoculation  could  be  obtained  from  the  virus 
of  black-leg,  which  very  effectually  protected  the  animal  from  the  serious  spon- 
taneous forms  of  the  disease,  and  did  not  itself  expose  it  directly  to  any  consider- 
able danger.  The  fact  that  the  action  of  the  black-leg  bacillus  on  man  and  other 
animals  diff"ers  from  that  of  the  bacilli  of  malignant  cedema  and  malignant  emphy- 
sema is  sufficient  to  differentiate  it.     This  may  be  expressed  in  a  feAV  words  : — 

Susceptible  to  the  bacillus  carbunculi  symptomatica — first  cattle,  then  sheep, 
rabbits,  guinea-pigs,  and,  to  a  much  less  extent,  horses  and  asses. 

Susceptible  to  the  bacillus  emphysematis  maligni — man,  then  guinea-pigs. 

Susceptible  to  the  bacillus  cedematis  maligni — first  horses,  then  pigs,  dogs, 
guinea-pigs,  rabbits,  hens,  and  pigeons  and  man. 

Immune  to  bacillus  carbunculi  symptomatici — pigs,  dogs,  hens,  and  rats. 
Immunity  more  or  less  perfect. 

Immune  to  the  bacillus  emphysematis  maligni — sheep,  dogs,  rabbits. 

Immune  to  the  bacillus  oedematis  maligni — as  far  as  is  proved,  only  cattle. 

Beyond  this  the  anatomical  and  functional  disturbances  which  the  three 
bacilli  mentioned  produce  show  great  similarity,  especially  when  we  consider  that, 
as  a  rule,  spontaneous  infection  of  black-leg  takes  place  through  the  skin  of  the 
cattle,  less  often  by  the  mouth,  and  usually  while  on  pasture.  It  is  evident 
that  this  is  also  an  infection  which  is  connected  with  the  soil.  It  has  not  yet 
been  satisfactorily  explained  whether  man  can  be  infected. 
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11.  Bacillus  Tetani 

The  bacillus  tetani  also  originates  in  the  earth,  in  the  superficial  layers 
of  which  it  is  widely  distributed.     Nicolaier  first  found  it  in  garden-mould. 
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and  caused  the  characteristic  spasms  of  traumatic  tetanus,  by  inoculation  of 
guinea-pigs  and  rabbits  with  soil  containing  bacilli. 

In  pure  cultures  this  schizomycete,  according  to  the  researches  of  Kitasato, 
behaves  as  an  anaerobic  bacillus,  liquefying  gelatine  with  the  formation  of  gas. 
Its  growth  is  favoured  by  a  slight  addition  of  grape-sugar,  and  by  warming  to 
body -temperature.  After  several  days'  growth  it  forms  spores,  situated  at 
its  ends.  This  peculiarity  is  also  observed,  however,  in  the  three  last-named 
varieties  of  schizomycetes,  from  which  the  tetanus  bacillus  is  distinguished  by 
its  smaller  size.  Brieger,  in  his  highly  interesting  investigations,  isolated  a 
poisonous  ptomaine,  tetanotoxin  (although  not  from  perfectly  pure  cultures), 
which,  when  injected  subcutaneously  into  pigs  and  rabbits,  produced  fatal  con- 
vulsive attacks  similar  to  those  of  tetanus. 

Eosenbach  found  the  same  bacillus  in  tetanus  in  man.  Previous  investiga- 
tions had  made  it  apparent  that  traumatic  tetanus  Avas  an  infectious  disease, 
the  cause  of  which  was  to  be  sought  in  the  soil. 

LiTERATUEE 

NicoLAiER — Deutsch.  med.  Wochenschrift,  1884. 

RosENBACH — Arch.  f.  Chirurgie,  vol.  xxxiv. 

Kitasato — Verhandl.    des   18   Chirurgencongresses,    1889.      Deutsche   med.   Woehenschrift, 

1889. 
Brieger — Deutsche  med.  Wochenschr. ,  1887  ;  Biolog.  Centralbl.,  1887. 

12.  Bacillus  Anthracis 

Anthrax  is  a  very  severe  infectious  disease  in  cattle  and  sheep.  It  is 
not  infrequently  transmitted  to  man,  and  to  many  animals.  It  was  recognised  as 
a  distinct  disease  by  Chabert  as  early  as  the  end  of  the  eighteenth  century, 
and,  more  recently,  Larry,  J.  F.  Hoffmann,  Gerlach,  and  especially  Bollinger, 
have  investigated  it  very  thoroughly. 

In  cattle,  fever  begins  Avithin  one  to  four  days  after  the  date  of  infection, 
accomjDanied  by  weakness,  thirst,  loss  of  appetite,  and  convulsions.  The  excreta 
may  contain  blood.  In  milk-cows  the  secretion  of  milk  is  arrested.  The  blood 
is  found  to  be  dark  and  fluid,  the  venous  system  being  especially  congested. 
The  spleen  is  dark  red,  considerably  enlarged,  the  spleen  pulp  soft  and  htemor- 
rhagic.  In  the  mesentery  and  the  retro-peritoneal  connective  tissue  there  is  a 
gelatinous  hemorrhagic  infiltration,  and  sero-ha?morrhagic  effusions  are  found 
in  the  peritoneal  and  other  serous  cavities.  In  the  other  organs,  also,  there  are 
many  haemorrhages.  The  contents  of  the  intestine  are,  as  a  rule,  blood-stained, 
and  there  are  hemorrhagic  effusions  into  the  submucous  cellular  tissue  and  the 
mucous  membrane  of  the  intestine.  Similar  conditions  are  found  in  anthrax  in 
horses ;  but  in  them,  as  a  rule,  the  effusions  into  the  tissues  are  not  so  markedly 
hemorrhagic.  Sometimes  circumscribed  hemorrhagic  swellings  of  the  skin, 
with  central  necrosis  (carbuncle),  occur,  changes  which  may  also  be  met  with  in 
the  mucous  membrane  of  the  intestine.  At  the  same  time  there  is  marked 
cloudy  swelling  of  the  heart-muscle,  the  liver,  and  kidneys. 

Cattle  are,  as  a  rule,  infected  through  the  intestinal  canal,  while  grazing  in 
certain  pastures  contaminated  by  anthrax  virus.  Man,  however,  is,  as  a  rule, 
infected  by  direct  inoculation  of  the  skin,  in  which  case  the  uncovered  portions 
of  the  body  are,  of  course,  most  often  attacked.  Less  frequently  the  disease 
results  from  eating  the  flesh  of  animals  infected  with  anthrax,  or  by  the  in- 
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halation  of  dust  contaminated  with  the  bacilhis  anthracis  in  the  manipulation 
of  wool  and  hides  (wool-sorters'  disease). 

The  infection  of  the  skin  in  man  is  considerably  fixcilitated  by  the  presence 
of  even  trifling  injuries.  The  handling  of  living  or  dead  animals  infected 
with  anthrax  may  produce  the  disease,  which  is  manifested  at  first  as  a  local 
atfection,  the  anthrax  pustule  or  carbuncle/  malignant  jjustule.  In  a  few  cases  the 
stings  of  flies,  which  have  previously  alighted  on  cadavera  which  have  died  from 
anthrax,  must  be  regarded  as  the  means  of  transmission.  The  infected  spot  on 
the  skin  shows  the  eaidiest  changes  in  two  to  three  days.  A  small,  red,  itching 
spot  appears,  sometimes  with  a  central  black  point.  On  this  red  spot  a  papule 
forms,  bearing  at  its  apex  a  small  vesicle  filled  with  a  clear  red  fluid.  This 
may  rupture  and  dry  up.  At  the  same  time,  the  parts  about  1)egin  to 
swell  considerably,  and  round  the  dried-up  vesicle  a  dark  red  area  appears,  in 
which  new  vesicles  tend  to  develop. 

A  microscopic  section  through  a  somewhat  far  advanced  malignant  pustule 
excised  from  man  during  life  and  hardened  in  alcohol,  shows,  at  the  apex  of  the 
swelling,  a  small  space  between  the  cells  of  the  rete  Malpighi,  filled  with  a 
finely  granular  coagulated  mass  (anthrax  vesicle,  Plate  III.,  Fig.  b).  Beneath 
this  are  the  papillfe,  Avhich  are  seen  to  be  greatly  swollen  by  serous  and 
hsemorrhagic  exudation  from  the  congested  capillaries.  These  are  distinctly 
seen  in  the  illustration  as  brownish  columns.  The  tissue  of  the  papillae  imme- 
diately surrounding  them  appears  almost  colourless  in  the  illustration,  since  in 
this  region  the  cell  nuclei  have  lost  their  power  of  taking  on  stains.  From  this 
we  infer  that  a  number  of  the  papillae  have  undergone  local  tissue -necrosis. 
The  blood-vessels  contained  in  these  necrotic  ai^eas  of  the  papillae,  which  are 
I'ecognised  by  their  white  colour,  are  distinguished  by  their  extreme  congestion. 
We  are  justified  in  assuming,  however,  that  in  these  vessels  the  blood  has  so 
completely  lost  its  plasma,  in  consequence  of  tlie  increased  permeability  of  the 
vessel  walls,  that  the  columns  of  blood  are  in  a  condition  of  stasis.  This  also 
explains  why  the  vessels  did  not  empty  themselves  after  excision. 

The  area  more  removed  from  the  necrotic  centre  is  infiltrated,  for  a  great 
distance,  by  innumerable  multinucleated  lymphoid  or  exudation  cells.  Their 
nuclei,  stained  with  methylene  blue,  are  almost  exclusively  responsible  for  the 
whole  of  the  blue  colour  in  the  section  represented.  The  illustration,  however, 
only  includes  a  small  portion  of  the  entire  malignant  pustule — namely,  the 
corium,  Avith  cellular  infiltration  in  the  neighbourhood  of  the  vesicle.  The 
dense  cellular  inflammation  extends  much  farther  into  the  corium  to  varying 
distances,  and  part  of  the  subcutaneous  connective  tissue  tends  to  become 
considerably  swollen  by  a  serous  exudation  containing  cells.  The  congestion 
of  the  capillaries,  which  was  so  marked  during  life  in  the  region  round  the 
anthrax  pustule,  disappears  after  excision,  and,  accordingly,  is  hardly  seen 
in  this  preparation.  Diffuse  brownish-red  discolorations  may,  however,  be 
noted,  representing  fairly  extensive  haemorrhages  into  the  tissues.  Subsequently, 
the  redness  and  swelling  extend,  while  the  necrosis  of  the  tissues,  which  in  the 
preparation  represented  was  limited  to  the  papillae  of  the  skin,  penetrates  as 
far  as  the  subcutaneous  cellular  tissue.  During  this  time  the  general  condition 
may  be  so  little  disturbed  that  the  patients  still  pursue  their  occupations,  or 
slight  pyrexial  disturbances  may  be  present. 

Eecovery  may  occur  even  when  this  stage  is  reached,  as  has  been  shown 
by  Larrey,  especially  when  the  malignant  pustule  is  opened  by  incision,  or, 

^  The  term  carbuncle  seems  hardly  suitable,  since  it  is  often  used  for  similar  circumscribed 
affections  of  the  skin,  due  to  pyogenic  organisms. 
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still  better,  has  been  completely  excised  and  cauterised.  This  is  a  proof  that 
man  possesses  a  certain  power  of  resistance  to  anthrax,  although  it  cannot  be 
said  to  be  very  great. 

If  the  course  of  the  disease  be  unfavourable,  the  swellings  extend  over 
large  areas  of  the  skin.  Pyrexial  symptoms  set  in  and  death  follows  from 
increasing  exhaustion.  Besides  the  local  changes  at  the  seat  of  the  primary 
infection,  there  are  found  anatomically  in  the  cadaver,  multiple  haemorrhages 
in  various  parts  throughout  the  body,  collections  of  serous  and  sero-hfemoi'- 
rhagic  fluids  in  the  serous  cavities,  great  enlargement  of  the  spleen,  cloudy 
swelling  of  the  heart-muscle,  the  liver,  and  kidneys,  and  a  dark,  non-coagulated 
condition  of  the  blood. 

Since  the  investigations  of  Pollender  and  Brauell,  the  infective  organism 
has  been  known  as  a  comparatively  large  bacillus,  from  3  "5  to  8  /x  in  length, 
present  in  the  blood  (Fig.  18).  In  the  malignant  pustule,  where  it  was  first 
demonstrated  by  Davaine,  it  appears  partly  as  separate  individuals,  partly  in 
short  chains  made  up  of  three  to  four  separate  bacilli  loosely  connected  with  each 


Fig.  is.— Bacillus  anthracis  from  Fig.  19.— Antlirax  bacilli  containing 

horses'  blood,  x  1500.  spores,  from  a  pure  culture,  x  1500. 

other.  In  the  malignant  pustule  the  bacillus  can  easily  be  seen,  with  a  high 
power  of  the  microscope,  in  the  contents  of  the  vesicle  and  among  the 
necrotic  tissue,  and  also  in  the  dense  cell  infiltration  throughout  the  entire 
thickness  of  the  corium.  It  is  only  sparsely  present,  it  is  true,  in  all  those 
situations.  It  has  not  been  figured  in  the  illustration  (Plate  III.,  Fig.  6),  as 
it  is  only  to  be  recognised  with  a  much  greater  magnification. 

Pasteur  was  the  first  to  cultivate  the  bacillus  on  artificial  nutrient  media, 
and  did  so  in  neutral  or  slightly  alkaline  urine.  He  thus  observed  that,  in 
a  few  hours  at  body-temperature,  and  in  a  few  days  at  room-temperature,  long 
threads  coriiposed  of  several  bacilli  grew  out  from  each  bacillus,  within  which 
shining  granules  were  developed — the  spores  (Fig.  19).  "While  the  anthrax 
bacilli  without  spores  are  quite  able  to  convey  infection,  still  they  are  easily 
destroyed  by  injurious  external  influences,  such  as  drying  or  heating  to  100° 
C.  The  spores,  however,  are  highly  resistant  to  external  influences.  Material 
containing  the  spores  of  anthrax  is  accordingly  a  peculiarly  efficacious  infective 
agent. 

As  long  as  the  malignant  pustule  remains  a  local  affection,  there  are  at  most 
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a  very  few  anthrax  bacilli  in  the  blood.  When  the  number  of  bacilli  circu- 
lating in  the  blood  becomes  markedly  increased,  the  disease  assumes  the 
character  of  a  general  infection,  resulting  in  death.  The  bacilli  are  then 
found  in  the  capillaries  as  well  as  in  the  tissues  of  nearly  all  the  organs  of 
the  human  body,  the  liver,  spleen,  and  kidney  being  especially  crowded. 
Anthrax  in  man  does  not  always  assume  the  form  just  described.  Even  the 
local  infection  of  the  skin  does  not  invariably  develop  as  a  malignant  pustule. 
Instead  of  the  pustule  there  may  be  doughy  swellings  of  the  skin,  coloured 
yelloAv  or  greenish  by  scattered,  decolorising  haemorrhages,  and  of  great  superficial 
extent  (oedema  anthracis  malignum).  It  must  be  borne  in  mind,  however, 
that  such  anthrax  ojdema  may  also  occur  when  the  primary  infection  has 
taken  place  through  the  intestinal  mucous  membrane. 

In  the  last  case,  anthrax  intestmalis,  the  mucous  membrane  of  the  stomach 
and  intestines  is  greatly  swollen  and  infiltrated  by  haemorrhages.  These 
mucous  membranes  show,  at  the  same  time,  nodular  hsemorrhagic  swellings  as 
large  as  a  linseed  or  a  pea,  sometimes  larger,  in  the  centre  of  some  of  which 
superficial  or  deep  necrotic  disintegration  of  the  tissue  may  be  seen.  The  lymph- 
glands  in  the  neighbourhood  are  usually  much  swollen  and  infiltrated  with 
haemorrhages. 

When  the  disease  results  from  the  inhalation  of  dust  containing  spores 
(wool-sorters'  or  rag-pickers'  disease),  hcemorrhagic  infiltrations  are  found  in 
the  lungs  and  sero-haemorrhagic  effusions  in  the  pleural  cavities. 

The  anthrax  bacillus  is  a  distinctly  aerobic  schizomycete.  Its  need  of 
oxygen  is  manifested  by  the  fact  that,  after  the  onset  of  general  infection, 
it  multiplies  chiefly  in  the  circulating  blood.  It  penetrates  the  tissues  also, 
since  these  are  never  quite  devoid  of  oxygen.  It  further  shows  itself  cap- 
able, to  a  certain  degree,  of  a  variation  of  its  physiological  and  pathological 
properties.  Cultures  of  anthrax  have  been  obtained  which  could  no  longer 
form  spores.  Pasteur  has  shown  further  that  the  virulence  of  the  anthrax 
bacillus  can  be  modified  to  such  a  degree  by  changes  in  the  external  conditions 
of  its  growth,  cultivation  for  a  few  days  at  43^  C.  for  instance,  that  it  then 
becomes  available  for  protective  inoculations. 

Koch  has  pointed  out  that  anthrax  bacilli  can  also  multiply  and  develop 
naturally  under  suitable  external  conditions.  It  is,  however,  an  interesting, 
although  as  yet  undecided  question,  whether  they  can  originate  from  ordinary 
putrefactive  bacteria  by  variations  in  their  external  conditions.  Buchner  has 
attempted  to  generate  the  anthrax  bacillus  from  the  bacillus  subtilis  of  Cohn 
by  variations  in  the  nutrient  media.  The  bacillus  subtilis,  or  hay  bacillus,  is 
very  commonly  present  in  the  usual  hay  infusion.  Its  spores,  like  those  of  the 
anthrax  bacillus,  are  not  killed  by  a  temperature  of  100^  C,  and  the  external 
appearance  of  the  hay  bacillus  has  a  certain  resemblance  to  that  of  anthrax. 
It  is,  therefore,  quite  conceivable  that  the  innocuous  hay  bacillus  might  be 
cultivated  under  special  external  conditions  into  the  distinctly  pathogenic 
bacillus  anthracis.  This  part  of  Buchner's  investigations  requires  further  proof, 
however,  while  the  demonstration  of  the  variability  of  the  anthrax  bacillus, 
which  he  was  the  first  to  carry  out,  has  been  fully  confirmed  b}'  the  experi- 
ments of  Pasteur  and  R.  Koch. 
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13.  Bacillus  Mallei 

Glanders  (malleus,  maliasmus,  farcy)  is,  like  anthrax,  a  micro-organism al 
disease  which  occasionally  extends  to  man.  It  affects  the  horse  chiefly.  The 
method  of  transmission  of  the  poison  cannot,  as  a  rule,  be  certainly  proved,  hut 
contact  with  other  horses  affected  with  glanders,  or  occupation  of  an  infected  stall, 
is  generally  the  means  of  infection.  The  disease  attacks  various  organs  in  the 
horse.     Violent  catarrh  of  the  nasal  mucous  membrane,  with  a  secretion,  at 

first  clear,  then  turbid,  viscid,  and  puriform,  has  fre- 

f        r.^^~  ^  quently  been  observed.     Simultaneously  small  nodular 

i^S^^^^"''  '  /%         ^^^  formations,  rich  in  lymphoid  cells,  are  formed  in 

X^^'  /'0il  /V     ^^®   nasal  mucous  membrane,  especially  in  the  higher 

— "^-"    \i-  i-'^/'  portions  which  are  less  easily  accessible  from  without. 

"*■"  /     7^^^^]        These  break  down  and  become  transformed  into  small 

S^Mi  ,c-:•^     V^^'  ulcers  with  somewhat  elevated  walls  and  a  dirty  white 

(fe*';'^^';   ^— ,^  X/''       floor,  the  result  of  the  superficial  disintegration  of  the 

^<S/  'I'lT       newly  formed  tissue   masses.      The   small  ulcers  may 

_   .„  coalesce  and  form  large  ulcerated  surfaces.     The  mucous 

Fig.  20. —Bacillus  mallei  from  ,  -r  i  n  itiii 

the  spleen  of  a  guinea-pis;,  membrane  IS  otteu  greatly  swollen  and  reddened  by  a 
xiooo.  more    dift'use    new    formation    of    small -celled    tissue. 

Extensive  coagula  are  frequently  found  in  the  venous 
plexuses  and  the  lymph-vessels  of  the  nasal  mucous  membrane. 

Similar  changes,  though  less  extensive,  as  a  rule,  are  observed  in  the 
mucous  membrane  of  the  trachea  and  larynx.  ■  The  lungs,  also,  are  frequently 
the  seat  of  cellular  infiltrations  which  tend  to  break  down.  These  infiltra- 
tions form  either  circumscribed  nodular  foci  or  more  diffuse  affections  of  large 
areas  of  the  lungs.  Glanders  nodules,  lastly,  are  occasionall}'  found  in  the 
spleen,  liver,  kidneys,  and  testicle,  and  especially  in  the  subcutaneous  con- 
nective tissue  and  the  muscles  (glanders  of  the  skin  and  farcy).  The  nodules 
in  the  subcutaneous  tissues  and  muscles  frequently  undergo  softening,  like 
suppuration,  and,  when  they  break  through  the  skin,  give  rise  to  the  ulcers  of 
glanders. 

Glanders  in  man  is  comparatively  rare.  It  generally  attacks  those  who 
work  among  horses.  The  morbid  appearances  in  man  agree  in  many  points 
with  those  seen  in  horses  affected  with  glanders,  but  the  nodules  frequently 
assume  more  of  a  haemorrhagic  or  suppurative  character,  so  that  the  disease 
is  easily  confused  with  pyaemia.  This  applies  especially  to  glanders  nodules 
in  the  skin  and  muscles.  On  the  former  they  frequently  form  pustules,  with 
contents  resembling  pus,  which  rupture  and  go  on  to  form  small  glanders 
ulcers  with  a  dirty  white  floor  surrounded  by  a  bright  red  margin.  The 
glanders  nodules  of  the  lungs  may,  on  the  other  hand,  be  confused  with  caseous 
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tubercular  foci,  as  Virchow  pointed  out.  At  the  same  time,  the  spleen  usually 
appears  enlarged,  the  spleen  pulp  dark  red,  soft,  and  friable.  Liver  and 
kidneys  show  marked  cloudy  swelling  and  sometimes  fatty  degeneration. 

The  infective  agent  in  glanders,  the  bacillus  mallei,  was  first  accurately 
described  by  Loifler  and  Schiitz  and  obtained  from  pure  cultures.  It  is  a  small 
rod-shaped  structure  1  to  3  /x  in  length.  It  forms  characteristic  colonies,  on 
slices  of  boiled  potato  especially,  in  the  form  of  light  yellow  flat  patches  and 
crusts.  Next  to  the  horse  the  guinea-pig  is  especially  suited  for^further  inocula- 
tion. In  the  latter,  suppuration  and  ulceration  take  place  at  the  site  of  inocula- 
tion, with  swelling  of  the  neighbouring  lymphatic  glands.  Infiltrations  in  the 
lungs,  aff'ections  of  the  joints,  and  nodular  foci  of  disease  in  other  internal  organs 
occur  later. 

Literature 

KiJTTNEE — Virch.  Arch.,  vol.  xxxix. 

Bollinger — Ziemssen's  Handbuch  d.  spec.  Pathol.,  vol.  iii. 
LoFFLER  and  Schutz — Deutsche  med.  Wochenschr.,  1883. 
LoFFLER — Arbeiten  d.  k.  Gesundheitsamtes,  vol.  i. 

14.  Typhoid  Bacillus 

Typhoid  fever  is  an  acute  infectious  disease,  confined  exclusively  to  man.  After 
a  prodromal  stage  of  five  to  ten  days,  distinguished  by  indefinite  general  malaise, 
pains  in  the  limbs  and  headache,  the  temperature  begins  to 
rise  gradually,  and  a  pyrexial  disease  of  a  few,  generally 
four,  weeks'  duration  is  developed.  From  the  middle  of 
the  third  week  onwards  the  temperature  begins  to  fall 
again,  while,  at  the  same  time,  its  periodical  daily  variations 
become  much  greater  than  normal.  These  disturbances  of 
function  which  present  many  variations  in  individual  cases, 
correspond  to  morbid  changes  in  the  organs  which  are 
usually  very  characteristic  —  great  enlargement  of  the 
spleen,  more  or  less  well-marked  cloudy  swelling  of  the  ^^^u/i^'^^^me^seSc 
heart-muscle,  the  liver,  and  kidneys,  marked  swelling  of  lymph  gland,  stained 
the  lymphatic  follicles  and  Peyer's  patches  going  on  to  ^^'«i  carboi  -  fuchsin. 
ulceration,  and  swelling  of  the  mesenteric  lymph-glands.  per ''cenr  acetic  acid. 

Klebs,  Eberth,  Koch,  and  GafFky  have  identified  what  xiooo. 
is  in  all  probability  the  cause  of  this  disease,  as  a  small, 
fairly  thick  bacillus,  about  1-5  to  2-5  /x  in  length,  and  provided  with  several 
fiagella.  It  is  found  not  only  in  the  swollen  lymphatic  tissue  of  the  intestine 
and  mesentery  and  in  the  contents  of  the  intestine,  but  also  in  the  spleen, 
the  liver,  and  other  organs,  and  even  in  the  blood.  More  minute  investigations 
by  those  authors,  as  well  as  by  Frankel  and  Simmond,  Seitz  and  others,  have 
demonstrated  that  this  bacillus  is  invariably  present  in  typhoid,  whereas  it  is 
absent  in  healthy  persons.  It  is  chiefly  on  the  strength  of  the  histological  ex- 
amination that  this  bacillus  is  supposed  to  be  the  cause  of  typhoid,  since  it 
has  not  as  yet  been  possible  to  produce  typhoid  experimentally  in  animals. 

The  tjq^hoid  bacillus  may  be  cultivated  pure  at  room-temperature  as  well  as 
at  that  of  the  body.  It  shows  itself  to  be  an  serobic  schizomycete  which 
can  develop,  however,  in  the  absence  of  free  oxygen.  This  agrees  with  the 
fact  that  the  abdominal  contents  contain  little  or  no  free  oxygen.  On  the 
surface  of  nutrient  gelatine  it  forms  flat,  extensive,  gray-white  colonies ;  on 
agar  and  coagulated  blood -serum,  as  well  as  on  sterilised  potato,  it  forms  a 
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delicate  white  crust.  It  thrives  extremely  well  in  sterilised  milk,  in  which  it 
causes  no  striking  change  (WolfFhiigel,  Riedel).  Sometimes,  if  developed  at 
body -temperature,  the  typhoid  bacillus  forms  at  its  poles  shining  granules 
which  Gaffky  has  claimed  to  be  spores. 

Brieger  has  demonstrated  that  this  schizomycete  develops  a  poisonous 
ptomaine  in  the  medium  in  which  it  grows,  which  has  the  power  of  killing 
animals  experimented  upon — a  fact  of  great  importance  for  the  theory  of  this 
disease.  Pettenkofer's  researches  show  that  man  is  infected  in  most  cases  by 
contaminated  drinking  water,  whereas  it  is  only  in  a  small  proportion  of 
cases  that  infection  can  take  place  through  the  air.  It  is  important,  therefore, 
to  learn  that  the  dejecta  of  tj^'phoid  patients  contain  many  bacilli,  and  that 
those  may  preserve  their  vitality  in  running  water,  spring  water,  or  conducted 
water.  Wolffhiigel  and  Riedel  were  able  to  demonstrate  that  they  multiplied 
to  some  extent  in  ordinary  Avater. 
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15.  Bacillus  Diphtherise 

Since  the  beginning  of  the  century  a  very  dangerous  and  highly  infectious 
disease  of  the  organs  of  the  throat  and  pharynx  has  been  known  in  Europe, 
called,  by  Br6tonneau,  diphtheria.  The  disease  runs  its  course  with  slight  or  con- 
siderable, sometimes  very  considerable,  pyrexial  rises  of  temperature,  associated 
Avith  more  or  less  characteristic  changes  on  the  mucous  membrane  of  the 
pharynx  and  larynx,  sometimes  extending  to  the  mucous  membrane  of  the 
bronchi,  the  nasal  cavities,  the  conjunctivae,  and  less  frequently  to  the  stomach. 
Where  these  mucous  membranes  are  covered  with  cylindrical  epithelium,  a 
separable  membrane  is  formed  on  the  surface  of  the  mucous  membrane  in 
characteristic  cases,  consisting  chiefly  of  fibrin,  which  dissolves  the  greater  part 
of  the  cylindrical  epithelial  coat,  and  afterwards,  as  a  rule,  is  converted  into 
homogeneous  hyaline  masses.  This  condition  is  termed  croup  (croup-mem- 
brane) by  pathologists,  even  when  it  is  due  to  other  causes.  In  other 
cases,  most  frequently  in  those  parts  where  the  mucous  membranes  are  covered 
with  squamous  epithelium,  an  extensive  fibrinous  exudation  takes  place  into  the 
spaces  of  the  connective  tissue  of  the  mucous  membrane,  followed  by  local 
necrosis  and  sloughing  of  the  affected  parts,  this  condition  being  termed 
diphtheria  by  pathologists.  Inasmuch,  however,  as  the  same  anatomical 
changes,  generally  termed  diphtheritic,  occur  on  other  mucous  membranes  as 
the  result  of  toxic  and  infective  actions  of  other  kinds,  the  name  diphtheria 
seems  scarcely  appropriate  to  the  specific  disease  of  the  organs  of  the  throat 
here  described,  so  that  another  name  seems  desirable.  I  therefore  will  call  it 
angina  maligna. 

If  we  adopt  this  term,  angina  maligna  is  a  specific,  pyrexial  disease  which 
gives  rise  to   the  histological  changes  of  croup  and  diphtheria  in  the  mucous 
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membranes  of  the  pharynx,  larynx,  trachea,  and  bronchi,  as  well  as  on  neigh- 
bouring mucous  membranes.  It  sometimes  apparently  causes  catarrhal  irritation 
only.  After  the  termination  of  the  acute  stage,  motor  paralyses  not  infre- 
quently occur  in  the  muscles  of  the  organs  of  the  throat  and  pharynx,  and 
occasionally  extend  to  other  groups  of  muscles. 

As  a  rule,  this  disease  is  held  to  be  directly  contagious  from  person  to 
person.  Klebs's  researches,  however,  have  made  it  probable  that  the  infective 
agents  frequently  cling  to  household  furniture  and  clothes,  and  are  further 
distributed  by  dusting  and  sweeping. 

Klebs,  and  subsequently  Loffler,  described  the  infective  agent  as  small  bacilli 
which  might  frequently  be  demonstrated  in  the  croupous  or  diphtheritic  mem- 
branes, and  which  were  cultivated  pure  by  Loffler.  These  bacilli  appear  as 
non-motile  rods,  from  3  to  6  /x,  in  length,  slightly  curved.  They  sometimes  contain 
small  rounded  granules,  at  the  poles  especially,  which  were  regai'ded  as  spores 
by  Loffler.  They  stain  most  readily  with  Loffler's  alkaline  methylene  blue  solution 
(30  ccm.  methylene  blue  in  alcohol  to  100  ccm.  caustic  potash  in  water,  1 
in  10,000).  For  their  culture  a  suitable  mixture  is  three  parts  sheep 
or  calf  blood-serum  with  one  part  neutralised  veal-broth,  to  which  has  been 
added  1  per  cent  jieptone,  1  per  cent  grape-sugar,  and  \  per  cent  common 
salt.  After  inoculation  with  pieces  of  croupous  or  diphtheritic  membrane  which 
have  been  triturated  in  water,  small,  white,  round  colonies  form  at  a  tempera- 
ture of  37""  C.  Fliigge  succeeded  in  growing  them  on  plates  of  meat-broth 
with  peptone  and  agar.  There  is  no  doubt  that  these  schizomycetes  are  in- 
variably present  in  the  deep,  and  sometimes  in  the  suj)erficial,  layers  of  the 
croupous  and  diphtheritic  membranes  in  angina  maligna.  They  also  appear 
frequently  in  the  mouths  of  healthy  individuals,  however,  so  that  their  patho- 
genic importance  has  been  doubted.  Pure  cultures,  inoculated  subcutaneously 
in  animals  (guinea-pigs),  certainly  caused  fatal  diseases,  but  these  had  none  of 
the  characteristics  of  angina  maligna.  It  was  only  by  direct  inoculation  into 
the  injured  mucous  membrane  of  the  trachea  that  croupous  membranes  could  be 
produced  in  the  animals  experimented  upon.  This  result,  however,  is  not  con- 
clusive, as  croupous  diseases  of  the  mucous  membranes  are  observed  in  man 
also  which  have  no  etiological  connection  with  angina  maligna. 
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16.  Pneumobacillus  Friedlanderi 

This  schizomycete  (Plate  II.,  Fig.  e)  appears  as  a  thick  short  rod  in  which 
indications  of  transverse  division  can  sometimes  be  seen.  This  also  explains 
the  presence  of  short  oval  structures  (the  lancet-shaped  variety  sometimes 
observed  is  less  easily  explained).  As  a  rule,  several  such  separate  members, 
often  of  unequal  length,  are  united  in  chains  of  three  to  four  joints,  and  these 
are  surrounded  by  a  common  glia  capsule. 


94  SCHIZOMYCETES 


The  glia  capsule  is  soluble  in  water — a  fact  which  must  be  remembered 
in  staining.  Dried  cover-glass  preparations,  prepared  by  passing  them  three 
times  through  a  flame  in  order  to  coagulate  the  albumen,  are  most  suitable  for 
staining  purposes.  These  are  stained  in  a  solution  of  gentian-violet  in  aniline 
oil  water.  Thej'^  may  be  examined  in  Canada  balsam  after  having  been  washed 
in  absolute  alcohol.  Sections  of  the  lungs  are  better  if  treated,  according  to 
Friedlander's  instructions,  with  acid  gentian -violet  solution  (cone,  alcoholic 
gentian-violet  solution  50  vol.,  aq.  destill.  100  vol.,  glac.  acetic  acid  10  vol.  ; 
decolorise  in  0"1  per  cent  acetic  acid).  In  puncture  cultures  in  gelatine  and 
agar  a  white  line  forms  round  the  needle  track,  while  at  the  place  of  entrance 
of  the  needle  the  culture  swells  up  like  a  button,  so  that  the  whole  growth 
resembles  a  nail.  The  gelatine  is  not  liquefied.  The  bacillus  thrives  in 
coagulated  blood-serum  and  on  potato.     It  sometimes  forms  gas  bubbles. 

Friedlander  first  found  this  bacillus  in  the  lungs  in  croupous  pneumonia, 
but  its  presence  in  this  disease  is  not  at  all  constant ;  it  has  been  observed  too 
that  it  is  sometimes  present  in  healthy  and  diseased  mucous  membranes  and 
in  the  mouth.  When  injected  into  the  lungs  it  causes  pneumonic  changes  in 
mice  and  guinea-pigs ;  and  inhalation  of  a  spray  of  the  cultures  may  also 
produce  similar  diseases  in  the  mouse.  It  is  doubtfid  if  this  schizomycete  is 
pathogenic  in  man.  At  most  only  a  trifling  percentage  of  the  croupous  pneu- 
monias in  man  can  be  caused  by  it. 
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17.  Bacillus  Tuberculosis 

Tuberculosis  is  a  disease  which,  after  malaria,  is  the  most  widely  distributed, 
and,  in  Europe  at  least,  the  most  common  of  all  diseases.  The  first  evidence 
of  an}'  importance  concerning  its  infectious  nature  Avas  furnished  by  Villemin 
in  the  year  18G5.  He  inoculated  animals  with  small  portions  of  tissue  from 
human  tubercular  organs,  and  by  this  means  produced  typical  inoculatory 
tuberculosis,  from  which  fact  he  concluded  that  tuberculosis  was  a  specific, 
infective  disease.  This  theory  was  strongly  opposed  by  AYaldenburgh,  Cohnheim, 
and  Frankel,  who  tried  to  prove  that  inoculated  tuberculosis  might  also  be 
produced  in  animals  if  any  foreign  body,  cork,  pieces  of  paper,  etc.,  were 
inserted  under  the  skin.  This  objection  has  not  held  good,  however.  It 
was  proved  that  in  inoculation  with  non-tubercular  material,  local  diseased  foci 
and  even  metastatic  abscesses  and  suppuration  were  induced,  but  well-marked 
tuberculosis  appeared  only  in  a  small  proportion  of  the  cases. 

These  variations  in  the  results  induced  Cohnheim  and  Salomonsen  to 
repeat  the  experiments.  By  taking  great  care  to  avoid  all  impurity  in  the 
inoculating  material,  they  ascertained  that  inoculations  produced  tuberculosis 
only  when  made  with  inoculating  material  taken  from  tubercular  subjects, 
whereas  inoculation  with  any  other  material  caused  no  tuberculosis.  Cohnheim 
thus  filled  up  a  great  and,  as  has  been  remarked,  an  important  defect  in 
Villemin's  experimental  researches,  and  was  really  the  first  to  prove  the  correct- 
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ness  of  Villemin's  doctrine.  Cohnheim  himself  attributed  the  conflictins;  results 
in  his  earlier  investigation  to  accidental  contamination  with  tubercular  virus  of 
inoculating  material  which  was  otherwise  inert — a  contamination  which  it  had 
not  been  previously  possible  to  avoid,  owing  to  the  very  limited  space  of  the 
Berlin  Pathological  Institute. 

Koch's  investigations,  however,  were  the  first  to  explain  the  question  of 
tuberculosis  in  its  essential  points.  He  showed  that  the  infective  agent  in 
tubercular  foci  in  man  is  a  small  bacillus,  at  that  time  very  difiicult  to  stain, 
learned  how  to  produce  this  bacillus  in  pure  cultures,  and  demonstrated  that 
tuberculosis  might  be  caused  in  animals  by  inoculation  with  this  pure  culture. 
Almost  simultaneously,  Baumgarten  also  discovered  the  same  bacillus  in  tuber- 
cular foci  in  man,  and  afterwards  traced  the  histogenesis  of  tubercle  in  detail. 

The  tubercle  bacillus  (Plate  III.,  Fig.  c,  x  1500)  appears  as  a  small  slender 
rod,  frequently  somewhat  bent,  from  .3  to  4  /*  in  length.  It  can  be  most  easily 
demonstrated  in  dried  cover-glass  preparations  or  sections  of  tissue  by  the 
staining  methods  of  Ehrlich  and  Ziehl-Neelsen. 

Ehrlich  prepares  a  saturated  solution  of  aBiline  oil  in  water  by  thoroughly  shaking  up 
distilled  water  with  an  excess  of  aniline  oil.  The  turbid  solution  is  passed  through  a  iilter, 
previously  moistened  with  distilled  water,  so  that  the  filtrate  runs  off  clear  as  water.  The 
filtrate  is  then  mixed  with  some  drops  of  a  concentrated  solution  of  fuchsin  or  methyl-violet 
in  absolute  alcohol  until  the  coloured  fluid  easily  becomes  opalescent  after  being  shaken  up. 
In  the  preparation  of  this  aniline-water  staining  solution,  care  must  be  taken  that  the  alcoholic 
fuchsin  or  methyl-violet  solution  used  be  almost  saturated.  It  is  only  when  the  staining  solu- 
tion is  concentrated  that  it  produces  an  opalescence  when  added  in  excess  to  aniline-water. 
If  the  fuchsin  or  methyl-violet  solutions  have  too  much  alcohol,  their  mixture  with  the  aniline- 
water  will  contain  too  much  alcohol  also,  and  in  this  case  will  never  become  opalescent,  even 
if  ever  so  large  quantities  of  alcoholic  fuchsin  or  methyl-violet  solution  be  added  to  the  aniline- 
water.  The  results  of  staining  with  such  a  fluid  are  very  uncertain.  The  dried  cover-glass 
preparations,  which  are  passed  three  times  rapidly  through  the  flame  of  a  spirit-lamp  or  Bunsen 
burner,  remain  in  the  aniline-water  staining  solution  for  some  minutes  or,  better,  for  half  an 
hour.  They  are  then  washed  rapidly  with  water  and  dipped  for  some  moments  into  a  mixture 
of  1  vol.  official  pure  concentrated  nitric  acid  with  4-5  vols,  distilled  water.  The  preparations 
are  completely  decolorised  thereby.  They  are  then  washed  again  in  fresh  water.  They  may 
then  be  placed  in  a  watery  solution  of  methylene  blue  or  vesuvin  for  some  moments,  and  after 
being  again  washed  in  water,  may  be  examined  directlj'  in  water.  It  is  better  to  dry  the  cover- 
glass  once  more  and  mount  it  in  a  drop  of  Canada  balsam  in  xylol. 

Sections  are  somewhat  more  difficult  to  stain.  It  is  best  to  leave  them  for  twelve  to  twenty- 
four  hours  in  the  aniline-water  staining  solution.  They  are  then  rapidly  dehydrated  with  alcohol 
and  mounted  in  Canada  balsam  in  xylol,  after  similar  treatment  Avith  nitric  acid  and  counter- 
staining  with  methylene  blue  or  vesuvin. 

By  these  methods  the  bacilli  stand  out  in  the  red  colour  of  the  fuchsin  or  in  the  colour  of 
the  methyl-violet  and  contrast  sharply  with  the  surrounding  parts  which  are  stained  with 
the  methylene  blue  or  vesuvin.  The  method  is  very  reliable  and  has  been  very  frequently 
tested.     It  stains  only  the  tubercle  bacillus  and  the  bacillus  of  lepra. 

The  Ziehl-Neelsen  method  is  somewhat  more  convenient,  especially  as  the  prepared  staining 
solution  may  be  preserved  unaltered  for  a  long  time.  This  is  of  special  importance  to  physicians 
and  institutions  where  such  investigations  are  required  daily.  Many  physicians,  however,  who 
have  acquired  the  requisite  facility,  but  who  only  undertake  such  investigations  at  long 
intervals,  find  it  more  suitable  to  provide  themselves  with  the  concentrated  alcoholic  solution 
of  fuchsin  which  remains  for  years  unaltered,  and  the  aniline  oil  which  may  be  bought 
anywhere,  so  that  when  a  case  requires  it,  they  may  prepare  a  perfectly  fresh  aniline-water 
staining  solution  ;  this,  according  to  Ehrlich,  may  be  done  in  a  few  minutes.  In  this  way  they 
do  not  need  to  trouble  with  the  length  of  time  that  the  solution  keeps  good.  It  must  always 
be  remembered,  however,  that  some  kinds  of  fuchsin  are  sold  which  are  not  suitable  for  this 
purpose. 
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The  staining  fluid  of  Ziehlaud  Neelsen  is  a  filtered  solution  of  5g.  carbolic  acid  and  1  g. 
fuchsin  in  100  g.  distilled  water.  The  mode  of  using  it  is  exactly  the  same  as  with  the 
aniline-water  staining  solution,  but  5  per  cent  sulphuric  acid  is  used  for  decolorising,  with 
which  a  little  (2  per  cent)  methylene  blue  for  counter-staining  may  be  directly  mixed. 

By  the  aid  of  these  methods  it  is  j^ossible  to  find  tubercle  bacilli,  not 
only  in  the  sputum  from  tubercular  lungs,  but  in  all  tubercular  organs  in 
greater  or  less  numbers.  It  has  been  observed  that  the  bacilli  are  marked  at 
intervals  by  quite  colourless  parts.  These  interruptions  have  been  regarded  as 
a  form  of  spore  information  (R.  Koch). 

For  pure  cultivation  of  the  bacilli,  Koch  recommends  coagulated,  sterilised 
blood-serum.  Lately,  however,  cultivation  on  agar  media  to  which  a  large 
quantity  of  glycerine  has  been  added  has  proved  successful,  and  this  method 
seems  preferable. 

The  tubercle  bacilli  thrive  only  at  a  temjDerature  between  30°  and  40°  C,  best 
at  37 '5°  C.  Ten  to  twelve  days  after  inoculation  the  first  appearance  of  growth 
is  observed  as  fine,  punctiform,  clouded  parts  in  the  nutrient  medium.  These 
gradually  increase  in  size  and  in  the  course  of  a  fortnight  form  characteristic 
colonies  on  the  surface  of  the  blood-serum,  which  appear  as  small,  dry,  white 
scales,  2  to  3  mm.  in  diameter. 

For  the  most  accurate  information  concerning  the  histogenesis  of  tubercular 
foci  Ave  are  indebted  to  Baumgarten.  He  showed  by  exj^eriments  on  animals 
that  the  tubercle  bacilli,  which  have  invaded  the  tissues,  first  multiply  and 
then  stimulate  the  fixed  tissue  cells,  both  of  epithelial  and  connective  tissue  origin, 
to  division.  In  this  way,  small,  rounded  foci  are  formed,  of  the  size  of  a  millet 
seed  or  pin's  head,  consisting  of  comparatively  large  nucleated  cells.  These  last 
have  been  generally  termed  epithelioid  cells  on  account  of  their  resemblance  to 
epithelial  cells.  AVhen  the  epithelioid  cells  have  developed  in  connective  tissue 
line  fibrillge  are  found  between  them.  These  are  derived  from  the  bundles  of 
fibrilla-  of  the  connective  tissue  which  have  been  sjilit  up  into  their  elements. 
Later,  reactive  phenomena  on  the  part  of  the  neighbouring  blood-vessels  are 
associated  with  this  new  formation  of  tissue.  It  must  be  assumed  that  the 
tubercle  bacilli  also  generate  poisonous  metabolic  products  during  their  develop- 
ment in  the  tissues  of  the  living  body,  which  diffuse  in  the  neighbourhood  and 
act  as  an  irritant  on  the  vessels,  causing  exudation  from  them.  At  any  rate,  the 
diseased  area  is  now  crowded  with  white  blood  corpuscles  from  the  vessels  which 
mingle  in  small  or  large  numbers  Avith  the  epithelioid  cells. 

This  view  has  been  confirmed  by  the  results  of  experiments  made  with 
tuberculin.  As  is  well  known,  Koch  prepared  a  yellowish  fluid,  tuberculin,  from 
pure  cultures  of  tubercle  bacilli.  When  injected  under  the  skin  in  healthy 
and  diseased  persons,  this  fluid  generally  caused  a  rise  of  temperature.  In 
tubercular  subjects  even  very  small  doses  were  usually  sufi&cient  to  give  rise  to 
a  high  degree  of  pyrexia.  Tuberculin  Avas  therefore  often  used,  Avith  the 
best  results,  for  the  diagnosis  of  tubercular  lesions  Avhich  Avere  situated  deeply 
Avithin  the  body  and  inaccessible  to  other  methods  of  investigation.  Besides 
this  general  action,  tuberculin  also  exerts  a  local  action  on  tubercular  lesions, 
which  is  of  great  interest,  and  Avhich  has  also  been  made  use  of  therapeutically. 
This  is  not  the  place,  hoAvever,  to  enter  more  minutely  on  the  last  point. 
In  tubercular  lesions  of  the  skin  (lupus)  a  violent  reaction  folloAvs  subcutaneous 
injections  of  tuberculin,  even  Avhen  the  injection  is  made  at  a  distance  from 
the  tubercular  area.  The  tubercular  lesion  becomes  red,  OAving  to  great  conges- 
tion of  the  blood-vessels,  SAvells  up,  and  any  pre-existing  ulcerated  tubercular  sur- 
faces begin  to  discharge  large  quantities  of  exudation,  Avhich  dry  up  into  broAvnish 
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crusts.  After  some  time  these  conditions  disappear,  and  not  infrequently 
a  healthy  ulcerating  surface  is  left,  which  may  heal  with  great  rapidity,  although 
the  healing  is  seldom  permanent.  In  autopsies  on  tubercular  subjects  that 
have  been  previously  injected  with  tuberculin,  conditions  which  point  to 
similar  local  reactions  are  also  found  in  tubercular  cavities  of  the  lungs  and  in 
tubercular  ulcers  of  the  intestine. 

These  local  reactions  Avhich  take  place  in  tubercular  lesions  after  the 
tuberculin  has  been  absorbed  by  the  general  lymphatic  system,  justify,  as  has 
already  been  mentioned,  the  assumption  that  the  metabolic  products  which  the 
tubercle  bacilli  form  in  the  infected  areas  in  man  and  animals  exert  an  irritating 
action  on  the  blood-vessels  and  cause  the  appearance  of  exudation  with  emigration 
of  white  corpuscles  from  the  vessels.  If  the  results  of  the  experiments  described 
above  be  carefully  examined,  the  local  actions  of  the  invading  tubercle  bacilli 
may  be  divided  into  reactive  new  formation  of  tissue  and  reactive  circulatory 
disturbance.  These  together  lead,  as  a  rule,  to  the  formation  of  small  nodules, 
seldom  larger  than  a  millet  seed,  which  are  distinguished  by  the  large  number 
of  cells  they  contain  and  are  called  miliary  tubercles.  In  other  cases  the  foci  of 
disease  are  of  greater  extent,  as,  for  instance,  in  the  lungs,  where  not  infre- 
quently whole  lobules  are  affected  simultaneously.  This,  of  course,  is  due 
to  the  special  peculiarity  of  the  structure  of  the  lungs,  and  can  therefore  only 
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Fio.  22.— White  cells  of  the  bUwJ  and  Ijnuph, 
X 1500. 


Fig.  23. — Uni-nucleated  lymphoid  cells  from  a 
lupoid  lesion  in  the  skin,  xlOOO. 


be  described  under  pulmonary  diseases.     IMiliary  tubercle,   however,  and  the 
account  of  its  development  in  man  must  be  carefully  considered  here. 

Tuberculosis  of  the  skin,  lupus,  may  be  dealt  with  first,  as  its  tubercular 
nature  has  been  placed  beyond  doubt  by  the  researches  of  Bizzozero  and 
Friedlander.  As  was  first  fully  described  by  E.  Lang  and  myself  simultaneously 
many  years  ago,  the  disease  begins  with  the  appearance  of  numerous  lymphoid 
cells  in  the  immediate  neighbourhood  of  the  small  blood-vessels  of  the  skin. 
If  cells  are  met  with  in  the  tissues  corresponding  in  every  respect  with  the 
white  cells  of  the  blood  and  lymph,  they  may  be  termed  lymphoid  cells  without 
any  hypothesis  as  to  their  origin  (see  Fig.  22).  In  the  vicinity  of  the  small 
blood-vessels  of  the  skin,  in  this  case,  it  is  chiefly  the  small  uni-nucleated 
lymphoid  cells  which  are  seen  (Fig.  23).  They  form  a  network  of  processes 
and  columns  of  varying  breadth  corresponding  to  the  branches  of  the  blood- 
vessels of  the  skin.  In  these  processes  the  lymphoid  cells  occur  fir.st  singly, 
and  then  united  into  small  groups  of  large  cells,  which  have  more  protoplasm, 
and  therefore  resemble  certain  epithelia.  These  are  epithelioid  cells  and  are  un- 
doubtedly derived  from  connective  tissue  (Fig.  24).  The  groups  of  epithelioid 
cells  subsequently  increase  in  size,  and  in  them  there  are  found  varying 
numbers  of  certain  larger  cells  distinguished  by  the  presence  of  many  nuclei 
and  called  giant  cells  (Fig.  25). 
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In  these  stages  multi-nucleated  lymphoid  cells  which  perhaps  have  emigrated 
from  neighbouring  blood-vessels  may  also  be  recognised  between  the  epithelioid 
cells.  Subsequently,  as  a  rule,  a  peculiar  degeneration  of  the  group  of  cells 
takes  place,  by  which  it  is  converted  into  a  finely  granular  mass  which,  macro- 
scopically  and  microscopically,  resembles  ordinar}'^  cheese  (caseation). 
•  As  regards  the  origin  of  all  these  varieties  of  cells  some  points  are  still 
unsettled.  It  can  hardly  be  doubted,  however,  after  Baumgarten's  researches, 
that  the  epithelioid  cells  produced  in  tuberculosis  of  organs  containing  con- 
nective tissue,  are  directly  derived  from  fixed  connective  tissue  cells.  In  the 
youngest  cellular  processes  of  lupus,  too,  which  are  forming  round  the  blood- 


^~\ 


Fig.  24.— Epithelioid  cells  from  a  lupus  nodule, 
X1500. 


Fig.  25. — Giant  cells.    «,  from  lupus  ;  h,  from  miliary 
tubercle  of  the  liver,     x  500. 


vessels  of  the  skin,  it  is  chiefly  the  young  non-lymphoid  forms  of  cells  that  are 
found,  often  showing  indirect  nuclear  division  (Fig.  26),  and  which  may  per- 
fectly well  be  derived  from  the  fixed  connective  tissue  cells,  bj'  means  of  cell- 
division.  On  the  other  hand,  the  investigations  of  Gaule  and  J.  Arnold  show 
that,  in  tubercular  disease  of  organs  containing  epithelium,  the  epithelial  cells 
also  begin  to  proliferate  and  may  yield  epithelioid  and  giant  cells. 

If  large  thin  sections  be  prepared  from  the   margin  of   a  growing  lupus 

nodule,  the  conditions  found  there  take  the 
form,  speaking  broadly,  of  a  large  number  of 
perivascular  strands  of  cells,  consisting  chiefly  of 
lymphoid  cells  (Fig.  27).  Among  these  cellular 
processes  there  is  to  be  seen,  at  a,  a  very  small 
group  of  epithelioid  cells,  while  at  other  parts 
the  strands  of  lymphoid  cells  run  together  and 
enclose  a  number  of  rounded  groups,  about  the 
size  of  a  millet  seed,  consisting  of  epithelioid 
and  giant  cells  (Fig.  27,  V).  Each  of  these 
rounded  groups,  Avith  its  investment  of  lymphoid  cells,  corresponds  to  a  miliary 
tubercle.  (It  is  termed  miliary  because  a  millet  seed  (milium)  gives  an  idea, 
though  certainly  somewhat  vague,  of  the  size  of  such  a  cell-group.)  What 
pathologists  call  miliary  tubercles  is  a  tubercular  nodule  measuring  0"15  to  2 
mm.  in  diameter.  From  this  nodule  (tuberculum)  the  disease  deiives  the 
name  tuberculosis  originally  ;  but  it  must  be  remembered  that  other  forms  of 
disease  give  rise  to  the  formation  of  miliary  nodules. 

The  proper  conception,  therefore,  of  tuberculosis  is  associated  not  with 


Fig.  26. — Young  cells  from  lupus,  one 
undergoing  division,  xl500. 
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the  miliary  nodule,  but  with  those  disturbances  which  are  caused  by  the  tubercle 
bacillus. 

Schiippel  was  the  first  to  describe,  many  years  ago,  the  foci  of  epithelioid 
cells  in  tubercular  lymph -glands  in  the  human  subject,  and  those  for  a  long 
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Fig.  27. — Lupus  nodule  iu  the  skin  surrounded  by  perivascular  cell-strands.    The  blue  injection  in  the 
blood-vessels  is  here  represented  as  black,     x  25. 

time,  accordingly,  were  termed  Schiippel's  tubercles.  When  tubercle  of  the 
lymphatic  glands  was  more  closely  investigated,  however,  it  was  observed  that 
the  first  change  manifested  in  these  organs  was  an  increase  in  size,  produced 
by  a  multiplication  of  the  lymphoid  cells,  chiefly  uni -nucleated,  which  are 
normally  present  in  these  glands.  Soon  afterwards,  groups  of  epithelioid  and 
giant  cells  appeared,  corresponding  in  all  points  with  the  miliary  tubercle  in 
the  skill  which  has  just  been  described  (Fig.  28). 

This  is   not  the  i)lace  to  give  an  account  of  tubercular  disease   in   each 


Fig.  28. — Two  ^eiy  small  miliary  tubercles  from  a  lymphatic  gland.    One 
partly  caseous  with  giant  cells,     x  160. 

individual  organ.  This  will  be  done  in  the  special  pathological  anatomy.  A 
general  account  of  the  invasion  and  distribution  of  tuberculosis  in  the  human 
body  must,  however,  be  given. 

In  many  cases  the  tubercle  bacilli  cause  distinct  changes  at  the  spot  where 
they  first  enter.     Among  these  may  be  included  many  forms  of  tuberculosis 
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of  the  skin,  larynx,  lungs,  intestine,  and  the  genito-urinary  systems.  Both 
small  and  large  aggregations  of  epithelioid  and  giant  cells,  modified  in  shape 
according  to  the  histological  structures  of  those  organs,  are  found,  showing 
caseation,  and,  in  some  parts,  also  softening  and  liquefaction  of  the  caseous  area. 
In  those  diseased  foci,  tubercle  bacilli,  in  greater  or  less  number,  may  be 
demonstrated  by  the  methods  of  staining  described  above. 

In  other  cases  the  tubercle  bacilli  cause  no  anatomical  changes,  or  none 
that  are  characteristic,  at  the  spot  Avhere  they  first  enter,  but  give  rise  to  such 
changes  in  distant  parts  only.  It  is  in  this  way  that  tubercular  disease  of 
the  lymphatic  glands  of  the  neck  not  infrequently  develops  after  moist  eruptions 
on  the  skin  of  the  head  and  face.  The  latter  are  diseases  which  arise  from 
quite  different  causes,  and,  accordingly,  may  heal  without  difficulty.  The  moist 
portions  of  the  skin  of  the  head  provide  a  means  of  entrance  for  the  tuber- 
cular virus,  which  is  carried  off  by  the  lymph-stream  into  adjacent  lymphatic 
glands  and  acts  on  them,  while  the  skin  disoase  heals  in  the  meantime,  and 
may  have  vanished  without  a  trace  before  the  physician  has  been  consulted. 

This  also  applies  to  primary  tuberculosis  of  the  mesenteric  lymph -glands, 
with  and  without  intestinal  catarrh,  Avhich  is  sometimes  found  apart  from 
tubercular  disease  of  the  intestinal  vv'all.  This  form  of  tuberculosis  is  usually 
due  to  food,  such  as  milk  obtained  from  tubercular  cows.  Living  tubercle 
bacilli  have  been  often  demonstrated  in  such  milk  (Klebs,  Gerlach).  This  is 
perhajjs  the  most  common  method  by  which  tuberculosis  is  transmitted. 
The  subsequent  distribution  of  tuberculosis  throughout  the  whole  body  prevents 
us  from  discovering  the  mode  of  infection  in  most  cases. 

A  proof  of  the  fact  that  the  tubercle  bacilli  sometimes  cause  no  changes  at 
the  spot  where  they  first  enter,  is  found  in  many  cases  of  tuberculosis  of  the 
bones  and  joints,  the  central  nervous  system  or  other  deeply  situated  organs,  in 
which  the  mode  of  entrance  of  the  tubercular  virus  can  no  longer  be  found. 
A  remarkable  case  of  this  kind,  which  I  myself  dissected,  has  been  published 
by  Goldenblum  on  my  suggestion.  It  is  a  case  of  tubercular  disease  of  the 
suprarenal  bodies  (in  Avhich  the  tubercle  bacillus  was  demonstrated)  in 
Addison's  disease.  The  disease  was  in  a  man  of  twenty -four,  in  whom, 
notwithstanding  the  most  minute  search,  there  was  not  the  slightest  trace  of 
tuberculosis  to  be  found  in  any  other  organ. 

In  the  further  course  of  the  disease  the  tubercle  bacilli  spread  from  their 
first  focus  over  large  areas  in  the  human  body.  Not  infrequently  the  majority, 
if  not  all,  of  the  systems  are  infiltrated  ^vith  tubercle.  The  extension  which 
takes  place  is,  as  a  rule,  accompanied  by  irregular  febrile  attacks  and  general 
disturbance  of  nutrition,  Avhich  may  be  regarded  as  due  to  the  action  of  the 
poisonous  metabolic  products  of  the  bacillus,  and  which  finally  lead  to  a  high 
degree  of  emaciation  and  weakness  (phthisis).  "We  may,  therefore,  distinguish 
chronic  and  acute  cases  according  to  their  duration. 

The  extension  of  the  tubercle  bacilli  takes  place  in  those  cases  by  all  the 
lymph  channels  and  connective  tissue  spaces  in  the  body.  From  the  bronchi 
of  affected  portions  of  the  lungs  the  fluids  containing  bacilli  pass  along  the 
bronchial  tree  into  portions  of  as  yet  healthy  lung.  The  current  of  the  fluids 
in  the  tissues  conducts  the  bacilli  into  lymph-vessels  and  lymph-glands,  so  that 
these  organs  become  extensively  diseased.  The  blood-stream,  also,  takes  up 
the  poison  and  spreads  it  more  widely,  since,  as  shown  by  Weigert,  miliary 
tubercles  develop  in  the  walls  of  the  arteries  and  veins  and  effect  further 
extension  both  from  the  tissues  into  the  blood  and  from  the  blood  into  the 
tissues. 
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18.  Syphilis,  Lues 

Notwithstanding  the  fact  that  tlie  nature  of  the  syphilitic  infective  virus 
has  not  been  definitely  established,  it  must  be  considered  here.  Syphilis 
or  lues  is  a  disease  whose  infectious  character  has  long  been  recognised. 
It  has  been  proved  that  this  disease  occurs  only  in  man,  and  is  propagated 
exclusively  by  direct  or  indirect  transmission  from  one  person  to  another. 
The  disease  has  also  been  often  successfully  inoculated  on  healthy  subjects. 
We  know  nothing  definite,  however,  concerning  the  properties  of  the  infective 
virus.     It  is  even  questionable  Avhether  it  is  a  schizomycete. 

Lustgarten,  Doutrelepont,  Matterstock,  and  others  have,  however,  demon- 
strated a  bacillus,  which  may  be  the  cause  of  the  disease,  in  the  secretion 
from  syphilitic  lesions  and  in  the  interior  of  syphilitic  tissue. 

The  syphilis  bacillus,  according  to  Lustgarten,  is  3  to  7  yu.  in  length,  often 
slightly  curved,  the  ends  sometimes  a  little  thickened.  This  author  recom- 
mends, as  a  suitable  method  of  staining,  that  dried  cover- glass  prejDarations 
and  sections  of  tissue  be  stained  with  aniline-water-gentian-violet,  and  then 
treated,  first  with  permanganate  of  potash  and  then  with  sulphurous  acid. 
It  ought  to  be  mentioned,  however,  that  similar  schizomycetes  are  also  present 
in  the  smegma  prteputialis  and  on  the  skin  in  the  neighbourhood  of  the 
genitals  (Matterstock).  In  view  of  the  fact  that,  as  yet,  syphilitic  disease 
has  not  been  produced  in  any  animal  by  inoculation  of  even  highly  virulent 
secretion  from  syphilitic  ulcers,  the  experimental  and  pathological  investigation 
of  syphilis  is  very  difficult,  as  can  be  understood,  and  the  pathogenic  import- 
ance of  Lustgarten's  bacillus  remains  unsettled.  The  subject  of  syphilis  con- 
tains other  unsettled  questions.  At  the  site  of  the  primary  action  of  the 
syphilitic  virus  on  skin  or  mucous  membrane  the  syphilitic  ])rimary  soi'e  is 
formed  as  a  papule,  vesicle,  or  a  small  ulcer.     After  the  peculiar  induration 
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had  been  recognised,  through  Hunter's  work,  as  the  most  important  diagnostic 
point  of  the  syphilitic  nature  of  the  primary  sore,  Eicord  and  Bassereau 
distinctly  differentiated  the  indurated  syphilitic  primaiy  sore  from  the  non- 
syphilitic  soft  chancre.  The  doctrine  of  the  dual  character  of  venereal  ulcers 
has  held  good  till  now,  notwithstanding  much  opposition.  The  doctrine  of 
their  unity  also  has  its  supporters,  however,  who  maintain,  on  the  strength 
of  repeated  experiments,  that  the  soft  and  hard  chancres  represent  very  closely 
related  forms  of  disease.  The  virus  of  the  hard  chancres  is  supposed  to 
be  transformed  into  the  poison  of  the  soft  chancre  under  certain  conditions. 

In  any  case  the  soft  chancre  appears  as  a  variety  of  ulcer,  Avhich  is  not 
infrequently  followed  by  purulent  softening  of  the  lymphatic  glands  in  the 
neighbourhood,  but  which,  however,  does  not  entail  a  general  disease.  The 
latter  is  always  the  consequence  of  specific  syphilitic  infection.  While  the 
soft  chancre  appears  twenty -four  hours  after  infection  as  a  small,  rapidly 
growing  ulceration,  syphilitic  infection  has  a  longer  incubation  period,  which  may 
be  obscured  by  simultaneous  infection  with  the  virus  of  the  soft  chancre.  The 
ulcer  of  soft  chancre  which  is  observed  soon  after  infection  has  occurred,  is- 
afterwards  converted,  by  gradual  induration  of  the  floor  of  the  ulcer,  into  an 
indurated  syphilitic  ulcer,  and  both  infections  run  their  course  together.  In 
a  healthy  subject,  however,  infection  with  pure  syphilitic  virus  gives  rise  to  a 
reddened  papule  or  vesicle  which  does  not  appear  for  three  or  four  weeks. 
The  subjacent  tissues,  the  corium  of  the  skin,  the  connective  tissue  stratum  of 
the  mucous  membrane  subsequently  become  indurated,  and,  as  a  rule,  super- 
ficial ulceration  occurs.  The  adjacent  lymphatics  swell  up  (indolent  buboes) 
from  simple,  small-celled  infiltration  of  the  lymphatic  tissue,  and  general  dis- 
ease ensues. 

Between  the  period  of  the  first  appearance  of  the  primary  sore  and  the 
swelling  of  the  neighbouring  lymphatic  glands  on  the  one  hand,  and  the  occur- 
rence of  the  general  infection  on  the  other,  there  is  an  interval  of  six  or  seven 
weeks,  which  has  been  tenned  the  second  incubation  period.  It  seems  as  if 
a  poison  were  generated  in  the  primary  focus  of  infection  and  the  swollen 
lymphatic  glands  Avhich  gradually  passes  into  the  blood,  and  causes  further 
symptoms  when  it  has  accumulated  sufficiently  in  the  latter.  These  symptoms 
take,  at  first,  the  form  of  various  eruptions  on  the  skin  and  mucous  membranes, 
which  are  sometimes  accompanied  by  pyrexia,  and  are  associated  with  slight 
enlargement  of  the  sj)leen  (Baiimler)  or  swellings  of  single  joints. 

General  syphilitic  infection  leads,  in  process  of  time,  to  lesions  in  all  organs 
■  and  systems.  Even  although,  after  further  investigation,  it  be  found  that  many 
changes  attributed  to  syphilis  are  the  result  of  therajDeutic  remedies,  such  as 
mercurial  treatment,  for  instance,  the  above  law  holds  good  universally.  The 
course  of  general  syphilitic  infection  may  be  divided  into  two  periods — the 
secondary  and  tertiary  periods  of  the  disease. 

The  secondary  period  of  the  disease  is  mainly  characterised  by  affections 
of  the  skin  and  mucous  membranes,  although  affections  of  the  periosteum,  nervous 
system  and  many  viscera  are  also  present.  Usually,  however,  the  bones, 
muscles,  nervous  system,  and  viscera  are  not  affected  until  the  later,  tertiary 
p)eriod  of  the  disease. 

The  histological  changes  brought  about  by  syphilis  in  the  individual 
organs  cannot  be  fully  described  here.  For  this  the  special  part  of  this  text- 
book must  be  referred  to.     In  a  brief  review,  however,  these  changes  apj^ear  as : — 

1.  Simple  hypercemias,  congestion  of  vascular  areas  of  varying  size,  especially 
of    the    skin    and    mucous    membranes.      Microscopically,    in    such    cases,  we 
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invariably  find  small  or  large  accumulations  of  lymphoid  round  cells  in  the 
neighbourhood  of  the  smaller  blood-vessels,  similar  to  those  described  in 
tuberculosis  of  the  skin.  Here  also  the  vessel  walls,  and  especially  the  endo- 
thelium of  the  vessels,  frequently  show  evidence  of  new  cell  formation. 

2.  Exudations,  poor  or  rich  in  cells,  as,  for  instance,  those  in  the  brain  mem- 
branes. These  are  associated,  as  a  rule,  with  various  diseases  of  the  walls  of  the 
capillaries  and  small  arteries. 

3.  Dense  small-celled  infiltration  of  the  tissues  of  the  organs,  chiefly  associated 
with  new  formation  of  young  connective  tissue  on  the  one  hand,  and  with 
disintegration  of  the  tissue  on  the  other  hand.  The  latter  converts  the  highly 
cellular  tissue  of  the  diseased  area  either  into  caseous  like  masses,  firm  or  soft 
in  consistence,  or  into  a  tough,  yellowish,  honey-like  fluid.  By  the  disintegra- 
tion of  the  tissue  superficial  or  deep  ulcers  are  formed  in  many  cases. 

4.  Firm,  cicatricial  connective  tissue  processes  which  develop  from  the  newly 
formed  young  connective  tissue. 

The  lesions  of  the  organs  which  these  conditions  produce  are,  to  some 
extent,  highly  characteristic  of  the  disease  in  question  and  permit  of  an  easy, 
certain,  and  definite  diagnosis.  The  determining  characters  are  chiefly  the 
shape,  situation,  and  the  extent  of  the  changes.  In  another  series  of  syphilitic 
diseases  of  the  organs,  however,  the  characteristics  pointing  to  a  syphilitic  origin 
are  not  quite  so  distinct,  so  that,  in  some  cases,  it  may  be  doubtful  whether 
they  are  due  to  syphilis  or  some  other  cause.  One  of  the  diseases  of  the 
vascular  system,  for  instance,  which  occurs  very  commonly,  angio-sclerosis  or 
arterio-sclerosis,  is,  as  pathologists  all  agree,  in  some  cases,  the  result  of  syphilis, 
and,  in  other  cases,  the  result  of  very  different  causes.  In  syphilis,  especially, 
it  must  be  remembered  that,  as  in  other  infective  diseases,  we  must  discriminate 
between  the  direct  actions  of  the  specific  virus  of  the  disease  and  the  effects  of 
the  general  disturbance  of  nutrition  which  accompany  them.  The  consequences 
of  general  nutritive  disturbance  which  have  no  specific  syphilitic  characters  will 
be  disregarded  here,  but  it  seems  advisable  to  describe  some  of  the  characteristic 
lesions  of  syphilis. 

The  syphilitic  primary  sore  or  initicd  sclerosis  is  characterised  by  induration. 
This  is  found  invariably,  whether  the  skin  or  a  mucous  membrane  be  the  seat  of 
the  primary  infection.  The  section  drawn  in  Fig.  29,  taken  through  an  initial 
sclerosis  which  appeared  as  a  papule,  gives  the  most  important  changes  in  a 
general  fashion. 

The  surface  of  the  skin  is  somewhat  elevated  by  thickening  of  the  corium 
and  subcutaneous  cellular  tissue.  In  the  corium,  which  is  still  covered  with 
the  rete  ]Malpighi  and  epidermis,  we  find,  causing  this  elevation,  a  dense 
accumulation  of  cells  (Fig.  29,  a),  shaded  dark  in  the  figure.  This  cell-infiltra- 
tion begins  in  the  perivascular  connective  tissue  spaces  surrounding  the  vessels, 
in  exactly  the  same  way  as  in  tuberculosis  of  the  skin  and  many  other  skin 
diseases,  and  subsequently  invades  all  the  tissues. 

The  cells  are  chiefly  lymphoid  and  epithelioid,  similar  to  those  which  are 
present  in  tuberculosis.  Here,  however,  a  relatively  large  number  of  flat  and 
spindle-shaped  cells  are  present  which  are  undoubtedly  newly  formed  con- 
nective tissue  cells.  These,  as  a  rule,  lie  along  the  course  of  the  small  blood- 
vessels, as  is  seen  still  more  distinctly  in  Fig.  30,  taken  from  another  somewhat 
larger  and  more  advanced  initial  sclerosis  of  the  prepuce.  The  walls  of  the 
small  arteries  and  veins  also  show  marked  thickening  by  newly  formed, 
cellular,  connective  tissue.  Lastly,  widely  distended  lymph-vessels  are  found 
in  the  corium  (Fig.  29,  c,  c)  densely  packed  with  lymphoid  and  epithelial  cells. 
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The  subcutaneous  connective  tissue  is  also  considerably  swollen  (Fig.  29, 
I)),  the  cells  and  connective  tissue  fibrillse  being  separated,  so  that  wide  spaces 
filled  with  fluid  gape  between  them.  It  must  be  assumed  that  large  quantities 
of  fluid  have  left  the  blood-vessels  and  accumulated  in  the  tissues.  In  Fig. 
29,  6,  there  may  be  recognised,  in  addition,  a  number  of  dark  round  areas.     A 
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Fig.  29. — Indurated  papule  on  the  prepuce,  from  a  primary  syphilitic  sore,  a,  Corium  infiltrated  with  cells ; 
b,  subcutaueous  cellular  tissue ;  e,  c,  c,  lyinph-vessels  filled  with  cells ;  <?,  d,  blood-vessels  with  thickened 
walls.     Alum  carmine  and  Canada  balsam,  xlo. 

small  number  of  these  are  lymph-vessels  filled  with  cells  (c),  the  greater  number 
are  blood-vessels  with  thickened  cellular  Avails.  The  syphilitic  initial  sclerosis  is 
therefore  a  small-celled  infiltration  of  the  corium,  together  with  new  formation 
of  young  connective  tissue  and  a  simultaneous  swelling  of  the  subcutaneous 


Fig.  30. — From  a  larger  initial  sclerosis.    Young  connective  tissue  cells  and  Ipnphoid  ceUs  in  the  neighbourhood 
of  a  blood  capillary  of  the  corium.    Alum  carmine  and  Canada  balsam,  x  670. 

cellular  tissue,  caused  by  free  exudation  of  fluids  from  the  blood-vessels.  In 
view  of  the  fact  that  the  small-celled  infiltration  of  the  corium  does  not  in 
itself  cause  any  induration,  as  is  shown  in  tuberculosis  of  the  skin  especially, 
Auspitz  has  attributed  the  increase  of  hardness  in  the  diseased  tissue  to  the 
exudation  of  the  fluids  from  the  blood-vessels.  This  may  be  the  case  to  a 
certain  extent,  since  the  fluids,  by  filling  the  tissue  spaces  so  as  to  render  them 
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tense,  might  quite  well  produce  such  a  result.  The  contents  of  many  of  the 
lymphatic  vessels  of  the  indurated  corium,  which  are  cellular  and  therefore 
difficult  to  displace,  might  well  help  to  increase  the  tension  in  the  tissues. 
It  appears,  however,  that  a  considerable 
part  of  the  induration  is  to  be  ascribed  to 
the  new  formation  of  connective  tissue  in 
the  affected  areas,  a  factor  which  is  not 
present,  to  such  an  extent  at  least,  in 
tubercular  diseases  (Verson,  Biesiadecki). 

In  the  further  course  of  the  disease 
the  increasing  infiltration  of  the  rete 
Malpighi  with  wandering  cells  causes 
loosening,  and,  finally,  separation  of  the 
epidermis.  It  may  happen  during  this 
process  that  a  small  collection  of  fluid,  a 
vesicle,  forms  between  the  layers  of  the 
rete  Malpighi,  Avhich  soon  bursts  and  dis- 
charges its  contents  externalljh  Lastly, 
a  small  ulcer  is  formed  in  one  or  other  way 
by  disintegration  of  the  superficial  layers. 
This  gradually  increases  in  size  and 
shows  no  tendency  to  heal,  but  it  is  only 
in  a  few  cases  that  it  goes  on  to  form 

a  large  ulcer.  After  lasting  for  several  weeks,  this  ulcer  also  heals.  The 
indurated  scar  which  is  left  may  be  observed  long  afterwards  as  the  last  trace 
of  the  primary  sore. 

The  small-celled  infiltration  of  the  corium  which  follows  the  course  of  the 

blood-vessels   is  also  found,   more 


Fio.  31.— Subcutaneous  cellular  tissue  from  the 
initial  sclerosis  represented  in  Fig.  29,  xl<300. 
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or  less  distinctly,  in  the  various 
manifestations  on  the  skin  and 
mucous  membrane  which  are  asso- 
ciated chiefly  with  the  secondary 
period  of  syphilis.  In  certain  folds 
of  the  skin,  especially  in  the  neigh- 
bourhood of  the  anus,  those  skin 
eruptions  sometimes  take  a  special 
form,  usually  termed  condyloma 
latum.  These  appear  as  moist,  flat, 
circumscribed  elevations,  denuded 
of  epidermis,  but  still  covered  with 
the  remains  of  the  rete  Malpighi. 
The  microscope  shows  a  cellular 
infiltration  of  the  corium,  like  that 
already  described  in  the  primary 
sore.  Finally,  in  the  tertiary 
period  of  syphilis  connective  tissue 
growths  of  nodular,  tumour -like 
appearance  are  found,  which,  on 
account  of  their  peculiar  elastic  consistence,  are,  as  a  rule,  called  gummata  (syphil- 
omata,  Wagner).  The  early  stages  of  gumma  formation  are  usually  found  in 
newly-born  children  suffering  from  congenital  syphilis.  In  such  cases  the  gumma 
appears  as  a  rounded  aggregation  of  connective  tissue  rich  in  lymphoid  round 


Fig.  32.  —  Small  gumma,  situated  near  an  interlobular 
connective  tissue  process  of  the  liver.  From  a  newly- 
born  child.    Alum  carmine,  Canada  balsam,  xl20. 
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cells  (Fig.  32).  This  tissue  has  a  great  tendency  to  disintegration,  usually 
becoming  conA'erted  into  caseous  masses.  In  the  centre  of  the  rounded  nodule, 
therefore,  a  whitish  area  is  found,  showing,  under  the  microscope,  the  finely 
granular  appearance  of  caseation  (Fig.  32).  The  small  caseous  focus  is  itself 
surrounded  by  a  zone  of  undegenerated,  highly  cellular  tissue,  as  figured  above. 

In  larger  and  more  advanced  gummata  extensive  caseation  is  usually  present. 
Less  frequently  a  peculiar  liquefaction  occurs  which  converts  first  the  inter- 
cellular substance,  and  subsequently  the  cells  of  the  nodules  of  newly  formed 
tissue  into  a  mucoid,  yellowish,  honey-like  substance.  Here,  also,  the  degenerated 
centre  of  the  new  formation  is  usually  surrounded  by  a  small-celled,  connective 
tissue  growth.  This,  howev6r,  cannot  always  be  detected.  Evidently,  in  long- 
standing cases,  it  becomes  converted  into  cicatricial,  sparsely  cellular,  connec- 
tive tissue  which  immediately  surrounds  the  caseous  area  (Fig.  33). 

The  infective  virus  of  syphilis  is  found  in  the  secretion  of  syphilitic 
ulcers,  in  recent  syphilitic  tissue  growths,  especially  in  the  condylomata,  and 
in  the  blood.  Its  special  properties  also  enable  it  to  be  transmitted  to  the 
offspring.      Syphilitic  lesions  are,  accordingly,  frequently  found  in  the  newly- 


FiG.  33. — Liver  of  a  man  with  acquired  syphilis.     On  tlie  cut  surface  several  cicatricial  connective  tissue 
processes  are  seen  which  have  caused  puckerings  on  the  surface.    In  one  scar  there  is  a  round  gumma,  o 
One-half  natural  size. 


born  child,  when  either  the  mother  or  the  father  is  sjqjhilitic.  Experience  has 
shown  that  syphilis  in  the  father  is  more  frequently  the  cause  of  syphilitic 
disease  of  the  foetus  than  syphilis  in  the  mother.  In  a  few  closely  observed 
cases,  it  has  even  been  demonstrated  that  the  father  may  convey  syphilis  to  the 
ovum  without,  at  the  same  time,  affecting  the  mother. 

Congenital  syphilis  frequently  leads  to  death  of  the  fostus  at  an  early  or 
late  period  of  gestation.  These  dead  embryos  usually  undergo  a  more  or  less 
marked  post-mortem  change  in  utero,  which  may  be  described  as  a  form  of 
maceration.  The  epidermis  is  detached  from  the  surface  of  the  body  over 
large  areas. 

Histological  investi2;ation  shows  characteristic  changes  at  the  lines  of  the 
epiphyses  of  the  bones,  in  the  lungs,  liver,  pancreas,  and  other  situations, 
sometimes  even  typical  gummata  of  varying  size.  In  other  cases  the  children 
are  born  prematurely  or  at  full  time,  but  either  show  Avell-marked  syi^hilitic 
changes  at  birth  or  are  distinctly  affected  with  slight  or  severe  forms  of  syphilis 
within  the  first  few  weeks  or  months  of  life. 
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19.  Bacillus  Leprae 

Many  years  ago  Virchow,  after  a  study  of  the  original  investigations  of 
Danielssen  and  Boeckh,  pointed  out  that  there  were  certain  points  of  agree- 
ment between  tuberculosis,  syphilis,  and  lepra.  He  described  the  new  tissue 
formation  present  in  all  those  diseases  as  granulation  tumours,  i.e.  tumours 
consisting  of  a  small-celled  growth,  resembling  j^oung  connective  tissue.  How 
far  this  view  is  justified  will  be  discussed  elsewhere.  It  is  worthy  of  note  that 
more  recent  investigations  have  shown  that  there  is  a  great  similarity  between 
those  three  forms  of  disease,  by  proving  that  not  only  syphilis,  but  tuberculosis 
and  lepra  also,  depend  upon  infection. 

The  histogenesis  of  leprosy  was  first  accurately  observed  by  myself  in  1872 
in  a  case  of  Brazilian  leprosy.  The  conclusions  thus  obtained  were  confirmed 
from  various  sides,  and  I  myself  have  had  repeated  opportunities  in  Dorpat  of 
testing  them  anew. 

Lepra  or  leprosy  (elephantiasis  grcecorum)  occurs  in  two  forms  which 
present  many  points  of  diff'erence,  as  lej^ra  tuberosa  and  lepra  ancesthetica,  the 
.  latter  being  also  less  appropriately  termed  lepra  nervorum.  Occasionally  both 
forms  occur  together  in  the  same  subject,  but  usually  they  are  sharply  divided. 

Lepra  tuberosa  gives  rise  to  very  remarkable  changes  in  the  skin.  Flat 
nodules,  several  centimetres  in  diameter,  develop  in  the  skin,  chiefly  on  the 
face,  the  hands  and  feet,  the  forearm  and  leg.  They  develop  either  slowly 
and  singly,  or  rapidly  and  in  great  numbers,  accompanied  by  slight  elevations 
of  temperature.  At  first  they  are  covered  by  uninjured  epidermis,  and 
then  sometimes  show  slight  brown  pigmentation.  Subsequently,  several 
nodules  may  run  together  and  break  down  to  form  ulcers.  The  whole  disease 
runs  a  very  prolonged  course.  The  ulcers  and  nodules  exist  for  a  long  time, 
but  may  become  smaller,  and  some  of  them  even  disappear.  Complete 
recovery  has,  of  course,  been  observed  under  careful  treatment  and  good  nutri- 
tion, but  in  a  few  cases  only.  As  a  rule,  new  nodules  appear  from  time  to 
time  until  death  results,  after  the  disease  has  persisted  for  many  years,  during 
which  terminal  joints  of  the  extremities  frequently  slough  off  from  extensive 
ulceration  [lepra  mutilans). 

The  close  aggregation  of  the  lepra  nodules  on  the  face  and  the  terminal  joints 
of  the  extremities  is  characteristic.  The  great  number  of  nodules  on  the  face 
not  infrequently  causes  it  to  become  swollen  and  deformed,  and  gives  rise  to  the 
fades  leonina.  In  advanced  cases,  however,  the  microscope  shows  that  the 
whole  of  the  skin  is  greatly  affected. 
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The  nodule  begins,  as  I  showed,  as  an  accumulation  of  lymphoid  cells  and 
peculiarly  shaped  epithelioid  cells  in  the  connective  tissue  spaces  immediately 
surrounding  the  blood-vessels  of  the  skin.  The  corium  then  appears  to  be 
intersected  by  numerous  strands  of  cells  arranged  in  a  network.  These  are 
usually  most  marked  at  those  parts  in  which  the  capillary  network  is  most 
developed,  i.e.  in  the  vicinity  of  the  superficial  network  of  vessels  of  the  skin 
and  its  glands.  These  processes  afterwards  increase  in  thickness  (Fig.  34),  and 
finally  merge  in  each  other  and  give  rise  to  a  dense  infiltration. 

From  the  skin  the  new  cellular  tissue  extends  further  into  the  vascular, 
subcutaneous  fatty  tissue,  as  may  also  be  seen  in  Fig.  34.  Here  they  form 
thick  infiltrations,  especially  marked  in  the  larger  nodules.  Subsequently, 
the  perijylieral  branches  and  trunks  of  the  nerves  are  attacked  by  the  advance 
of  the  disease  in  a  centripetal  direction  along  their  endoneurium  and  peri- 
neurium. This  advance  of  the  nerve  lesion  toward  the  centre,  first  observed 
by  myself,  has  recently  been  much  more  fully  demonstrated  by  Gerlach,  under 
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Fig.  34.— Small  cutaneous  nodule  of  leprosy  in  vertical  section.    The  blue  injection  of  the  vessels  is  represented 
black.    Alum  carmine  and  Canada  balsam,    n,  Corium  ;  Zj,  subcutaneous  cellular  tissue.     xlS. 


the  direction  of  my  colleague,  Dehio.  The  disease  of  the  peri-  and  endo-neurium 
results  in  atrophy  and  degenerations  of  many  nerve  fibres  and  in  numerous 
.sensory  paralyses,  which  are  manifested  by  a  great  anaesthesia  of  the  skin  in 
the  tract  affected  by  the  leprous  nodules  and  ulcers. 

The  lym.ph-vessels  also  serve  to  spread  the  disease.  I  have  been  able  to 
trace  distinctly  the  invasion  of  the  radicles  of  the  lymph-vessels  by  the  cells 
of  the  leprous  new  formation.  This  invasion  of  the  lymph-vessels,  as  already 
mentioned,  is  shown  most  distinctly  by  the  swelling  of  the  lymphatic  glands 
into  which  they  enter.  The  characteristic  lymphoid  and  epithelioid  lepra  cells 
are  found  in  great  numbers  in  the  sinuses  of  the  glands,  while  the  follicular 
tissue  of  the  cortex  and  of  the  medulla  of  the  glands  begins  to  proliferate  and 
finally  also  becomes  infiltrated  with  lepra  cells. 

Similar  changes  are  also  found  in  the  mucous  membranes  of  the  nose  and  the 
mouth,  and  in  the  epiglottis  and  the  larynx.  These  mucous  membranes  become 
swollen  and  deformed  by  the  new  formation  of  tissue,  in  the  same  way  as  the  skin. 
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Of  the  internal  organs  the  liver  and  spleen  are  most  regularly  affected.  In 
the  liver,  however,  the  characteristic  lepra  cells  are  chiefly  met  with  in  the 
blood -channels  and  interlobular  connective  tissue  processes,  where  they  form 
small  nodules,  while  in  the  spleen  there  is  no  such  definite  localisation.  It  is 
true  the  spleen  pulp  contains  the  great  mass  of  the  lepra  cells  ;  but  the 
Malpighian  bodies  also  show  them  in  not  inconsiderable  quantity.  Similar 
leprous  new  formations  may  occur  in  the  hone  marrow,  but  are  less  frequent 
here.  Lastly,  the  same  new  tissue  formations  develop  in  the  serous  mem- 
branes, the  testicle,  and  other  organs.  In  the  serous  membranes  somewhat  large 
nodules  may  occasionally  form. 

In  examining  all  these  changes  the  important  fact  is  observed  that  the 
cells  of  leprous  tissue  growth  are  distinguished  by  special  peculiarities.  In  the 
younger  nodules,  it  is  true,  many  cells  are  found  which  are  essentially  similar 
to  the  uni-nucleated  lymphoid  cells  of  tubercular  and  syphilitic  growths. 
Besides  these,  however,  other  varieties  of  cell  appear  at  an  early  stage,  and, 
in  the  larger  lepra  nodules,  are  decidedly  in  excess.  These  peculiar  lepra  cells 
are  analogous  to  the  epithelioid  cells  in  the  tubercle  and  the  gumma.  They 
are  distinguished  by  their  very  granular  appearance  and  by  the  presence  of 


Fig.  35. — Cells  from  a  leprous  nodule  in  the 
skin.  Dark  nuclei  and  clear  vacuole- 
like  spheres  in  the  cells.  Alum  carmine, 
Canada  balsam,  x  SOO. 


Fio.  36. — Cells  from  a  leprous  lym- 
phatic gland  with  brown  concre- 
tions, xSOO. 


large  round  vacuole-liko  spaces  (Fig.  35).  In  the  lymph-glands  large  lepra  cells 
are  also  found  containing  very  refractile  concretions  (Fig.  36),  somewhat  brown 
in  colour.  These  latter  are  also  found  free,  however,  outside  the  cell.  Lastly, 
I  have  been  able  to  demonstrate  very  large  multi-nucleated  cells  (giant  cells) 
in  the  lepra  nodules,  which  certainly  do  not  exactly  resemble  the  tubercular 
giant  cells  (see  Fig.  35). 

The  researches  of  Klebs,  Armauer-Hansen  and  Neisser  greatly  added  to 
our  knowledge  of  the  etiology  of  this  disease  by  the  demonstration  of  the  lepra 
bacillus  in  the  leprous  new  formations.  It  appears  in  these  in  enormous 
numbers,  as  a  rod  4  to  7  /x  long,  frequently  slightly  curved,  which  stains  most 
easily  by  one  of  the  methods  recommended  for  staining  the  tubercle  bacillus 
(Plate  III.,  Fig.  d).  When  stained,  the  rod  frequently  seems  to  be  interrupted  by 
clear  spaces.  These  are  regarded  as  spores  which  are  not  easily  stained.  As 
Neisser  proved,  the  bacilli  may  be  cultivated  on  coagulated  blood-serum.  After 
inoculation  in  animals,  a  multiplication  of  the  bacilli  has  always  been  observed 
in  the  neighbourhood  of  the  point  of  inoculation  (Damsch,  Vossius,  IMelcher  and 
Ortmann),  but  no  general  disease  occurred.  The  proof  of  the  pathogenic  signi- 
ficance of  the  lepra  bacillus  is  therefore  not  quite  beyond  doubt,  but  its 
invariable  presence  in  large  numbers  in  leprous  new  formation  argues  very 
much  in  favour  of  such  a  view. 
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The  lepra  bacilli  frequently  lie  in  the  large  vacuole-like  spheres  contained 
in  the  lepra  cells  (see  Fig.  35,  and  Plate  III,  Fig.  d).  It  is  probable  that  these 
vacuole-like  spheres  may  be  a  mucoid  substance  secreted  by  tlie  lepra  bacilli, 
in  which  case  the  mucoid  spheres  and  bacilli  must  be  regarded  as  zoogkea 
masses  which  develop  in  the  interior  of  the  cell.  This  view,  however,  is  open 
to  some  objections.  In  the  first  place,  the  lepra  bacilli  lie  chiefly  in  the  super- 
ficial parts  of  the  sphere,  an  arrangement  which  is  not  found  in  other  zoogloea ; 
and  secondly,  similar  vacuole-like  spheres  are  found  in  lepra  cells  which  con- 
tain no  bacilli.  In  any  case,  however,  the  vacuole-like  bodies  are  formations 
so  peculiar  to  the  cells  of  leprous  new  growths,  that  they  afford  a  perfectly 
certain  means  of  distinction  between  leprous  and  syphilitic  or  tubercular  new 
formations. 

All  lepra  bacilli  are  not  found  enclosed  in  the  vacuole-like  spheres.  In 
more  recent  leprous  new  growths,  especially,  the  bacilli  are  found  lying  simply 
in  the  protoplasm  of  the  cell,  and  many  bacilli  are  even  found  free  in  the 
tissue  between  the  cells.  Probably  the  bacilli  are  first  free  in  the  tissue,  then 
pass  into  the  cells  and  there  increase  to  a  considerable  extent.  The  vacuole- 
like  spheres  would  then  be  metal)olic  products  either  of  the  bacilli  or  of  the 
cells  of  the  diseased  tissue. 

The  ancesthetic  form  of  leprosy  appears  at  first  as  anaesthetic  spots  on  the 
skin,  a  stage  of  hypersesthesia  generally  preceding  the  anaesthesia.  As  has 
already  been  remarked,  anaesthesias,  often  of  great  extent,  occur  in  tuberous 
leprosy  also.  The  appearances,  which  will  immediately  be  described,  of 
typical  anaesthetic  leprosy  are  also  frequently  combined  with  the  tuberous  form. 

In  cases  of  imre  ancesthetic  leprosy,  which  chiefly  interest  us  here,  the  anaes- 
thesia is  frequently  met  with  in  areas  of  the  skin  which  show  no  outward 
visible  abnormality.  Other  anaesthetic  leprous  areas  of  skin  are  distinguished, 
however,  by  a  brown  pigmented  border,  sometimes  somewhat  elevated,  which 
shows  more  or  less  marked  hyperaesthesia.  The  anaesthetic  areas  of  skin 
surrounded  by  this  border  are  unchanged  externally,  or  they  may  show  thin- 
ning and  atrophy  of  the  corium,  with  or  without  scaly  exfoliation  of  the  epi- 
dermis, the  sensibility  being  diminished  or  completely  lost.  The  pigmented 
border  may,  apparently,  disappear  if  the  disease  be  long  continued,  while,  at 
the  same  time,  the  anesthetic  areas  extend  correspondingly. 

Anaesthetic  leprosy,  like  the  nodular  form,  gives  rise  to  great  ulceration 
and  thus  causes  small  and  large  portions  of  the  extremities  to  slough  off  {lepra 
mutilans).  In  these  mutilations  the  loss  of  sensibility  is  of  great  importance, 
as  it  makes  the  patients  careless  in  protecting  their  limbs  from  injury  and  in 
their  attention  to  the  wounds  and  ulcers  when  produced. 

Nutritional  disturbances  in  some  of  the  muscles  are  usually  found  in 
addition  to  the  lesions  of  the  skin.  The  muscles  diminish  in  size,  atrophy, 
and  become  partly  paralysed. 

All  these  changes  are  evidently  dependent  upon  a  simultaneous  affection  of 
the  peripheral  nerves.  These  show  changes  similar  to  those  of  nodular  leprosy, 
while,  at  the  same  time,  their  excitability  is  greatly  diminished,  as  was  pointed 
out  by  F.  Schultze. 

From  these  facts  it  is  probable  that  ancesthetic  leprosy  is  essentially  due  to 
a  leprous  affection  of  the  nerves,  which  gives  rise  to  disturbances  of  circulation 
and  nutrition  in  the  area  of  the  peripheral  distribution  of  the  affected  nerves, 
in  the  skin,  and  in  the  muscles.  Nevertheless,  although  this  view  may  be 
regarded  as  very  probable,  the  difficulty  still  remains,  that  experienced  and 
practised    observers,    myself  also,   have   not   succeeded   in   demonstrating    the 
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lepra  bacillus  in  cases  of  pure  anaesthetic  leprosy,  when  unassociated  with 
nodular  leprosy.  The  skin  in  anaesthetic  leprosy  shows  cell  strands  similar 
to  those  described  and  pictured  in  the  nodular  variety.  The  cell  strands, 
however,  are  relatively  small  in  size  and  free  from  bacilli.  A  few  vacuole-like 
bodies  certainly  do  occur,  according  to  my  own  observations,  in  the  skin 
affection  of  anesthetic  leprosy  also. 

Opinions  as  to  the  mode  of  spread  of  leprosy  have  varied  greatly  from  time 
to  time.  Centuries  ago,  when  leprosy  was  widespread  in  Europe,  it  was 
universally  held  to  be  contagious  from  person  to  person.  Afterwards,  eminent 
investigators  of  leprosy,  like  Danielssen  and  Boeckh,  attributed  great  import- 
ance to  hereditary  transmission  from  parents  to  children ;  while,  at  present,  since 
the  discovery  of  the  lepra  bacillus,  the  contagious  character  of  the  disease  tends 
to  come  to  the  front  again.  The  demonstration,  both  of  its  contagious  and 
hereditary  nature,  is,  however,  much  hampei^ed  by  the  fact  that  the  disease 
develops  very  slowly,  and  apparently  has  an  extremely  long  incubation  period. 
Supporters  of  the  doctrine  of  contagion  must  assume  that  years  may  elapse 
before  the  appearance  of  the  first  distinctly  recognisable  leprous  change  after 
infection.  Under  these  circumstances  the  doctrine  of  hereditary  transmission 
is  also  tenable,  even  although  the  children  of  leprous  parents  do  not  manifest 
the  first  sign  of  leprosy  until  long  after  birth.  At  present  Ave  may,  on  the 
strength  of  the  discovery  of  the  bacillus,  with  great  probability  regard  leprosy 
as  an  infectious  disease,  and  must,  at  any  rate,  allow  that  in  many  cases  this 
disease  is  first  acquired  in  extra-uterine  life.  This  is  gathered  from  the  numer- 
ous investigations  made  in  the  Baltic  provinces  by  Paulson,  Hellat,  and  others. 
It  is  doubtful  whether  direct  transmission  from  skin  to  skin  takes  place  by 
crowding  the  sick  and  healthy  together  in  dwellings.  Some  facts  discovered 
by  Hellat,  however,  may  quite  well  be  interpreted  in  this  way,  but  are  not 
conclusive  proofs.  Perhaps,  in  leprosy,  attention  should  be  paid  to  the  possi- 
bility of  a  spread  of  the  disease  by  the  stings  of  insects,  especially  fleas,  since 
transmission  is  apparently  facilitated  by  crowding  and  the  use  of  common 
dormitories,  and  since  the  superficial  layers  of  skin  are  found  to  be  so  rich  in 
lepra  bacilli.  Later  on,  however,  the  further  extension  of  the  disease  in  the 
human  body  is  through  the  blood-channel,  as  I  have  thoroughly  proved  else- 
where. As  a  rule,  a  great  number  of  cutaneous  nodules  appear  simultaneously, 
sometimes  associated  with  slight  fever  and  a  bright  red  skin  eruption,  and 
fresh  accessions  follow  periodically.  "We  must  assume  that  the  skin  offers  very 
favourable  conditions  for  the  growth  of  the  lepra  bacillus.  It  is  chiefly  the 
very  vascular  areas  of  the  skin,  Avhich  have  frequent  variations  in  their  blood- 
supply,  which  are  affected,  such  as  the  face  and  the  terminal  portions  of  the 
extremities,  for  instance ;  while,  in  the  early  stage,  it  requires  the  microscope 
to  detect  any  affection  in  the  skin  of  any  other  part.  From  the  skin  the  disease 
extends  to  the  nerves,  lymph-vessels,  and  lymph-glands  ;  while,  by  means  of  the 
blood,  the  spleen,  liver,  and  other  organs  are  implicated  at  the  same  time. 
Lepra  might  therefore  be  regarded  as  a  result  of  the  contamination  of  the  blood 
by  lepra  bacilli,  since  the  bacilli  are  found  : — 

Firstly,  in  the  blood  (Kobner,  Paulson,  Thoma). 

Secondly,  in  the  skin  and  nerves,  which  provide  very  favourable  nutritive 
conditions  for  the  microbe,  as  proved  by  the  luxuriant  multij)lication  of  the 
bacilli  in  those  organs. 

ThinUy,  in  those  organs  in  which  foreign  solid  elements  of  any  kind  in  a 
state  of  fine  division  are,  as  a  rule,  accumulated  in  large  quantities,  the  spleen, 
the  liver,  and,  to  a  less  extent,  the  bone-marrow. 
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Fourthly,  in  the  lymph -glands  connected  -with  the  areas  of  skin  chiefly 
affected,  since  those  are  transversed  by  the  lymph,  which  is  unusually  rich  in 
bacilli. 
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20.  Bacillus  Rhinoscleromatis 

Hebra  and  Moritz  Kohn  (Kaposi)  have  applied  the  term  rhinoscleroma  to  a 
peculiar  disease  in  which  firm,  hard,  tumour-like  nodules  develop  at  the  external 
margins  of  the  nostrils.  These  tumour-like  new  formations  extend,  in  some 
cases,  to  the  upper  lip  also.  They  spread  especially  on  the  nasal  mucous  mem- 
brane, and,  in  some  cases,  infiltrate  the  mucous  membrane  of  the  throat  and  larynx 
with  nodular  thickenings.  The  nodules  at  the  nasal  orifices  sometimes  become 
ulcerated.  When  this  does  not  occur  their  surface  is  uneven  and  swollen,  bare, 
hairless,  and  without  the  larger  sebaceous  glands,  in  colour  somewhat  pigmented 
or  like  normal  skin.  Microscopically,  a  dense  infiltration  with  small  lymphoid 
round  cells  is  found  in  the  skin  and  mucous  membranes  and  in  the  neighbour- 
ing tissues.  Between  the  lymphoid  large  epithelioid  cells  are  situated, 
partly  scattered  and  partly  in  dense  clusters.  They  contain  hyaline  spheres 
similar  to  those  found  in  lepra  cells. 

Frisch,  Chiari,  Pellizari,  Cornil,  Babes  and  others  have  demonstrated  a  rod- 
shaped  schizomycete  in  these  large  cells.  The  rods  are  short  and  enclosed  in 
a  glia  capsule,  so  that  they  possess  a  certain  resemblance  to  the  bacillus  of  Fried- 
lander.  They  stain  Avith  methyl  violet,  methylene  blue,  and  other  stains.  It 
is  best,  however,  to  use  concentrated  staining  solutions  and  allow  them  to  act 
for  a  long  period,  say  twenty-four  hours,  and  then  decolorise  by  absolute 
alcohol  or  iodine  solution,  according  to  Gram's  method.  The  bacilli  thrive  on 
various  artificial  nutrient  media  (Paltauf  and  v.  Eiselsberg),  especially  at  a 
somewhat  high  temperature.  Their  glia  capsules  also  develop  nn  such  cultures, 
but  the  appearance  of  the  colonies  is  somewhat  different  from  those  of  Fried- 
lander's  pneumo-bacillus,  .siDecially  in  being  more  transparent.  Inoculations  of 
rabbits,  guinea-pigs,  and  mice  have  proved  unsuccessful. 
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21.  Bacillus  Xerosis 

By  xerosis  is  understood  a  local  disease  of  the  conjunctiva  associated 
with  disturbances  of  vision  (hemeralopia),  which  seems  to  extend  to  internal 
organs  also.  The  conjunctiva  bulbi  appears  dry  and  inelastic,  so  that  it  falls 
into  fine  wrinkles  in  many  movements  of  the  eye.  At  the  same  time,  it 
becomes  covered  with  a  thin,  whitish  layer,  consisting  mainly  of  exfoliating, 
conjunctival  epithelium,  sometimes  showing  fatty  degeneration.  In  these 
delicate  layers  Neisser  has  found,  besides  a  few  cocci,  a  special  form  of  bacillus, 
small,  elongated,  1  to  2  /x  in  length,  which  may  be  stained  with  fuchsin,  gentian- 
violet,  and  methylene  blue  in  aqueous  solutions,  and  also  thrives  in  pure  cultures. 
Leber,  who  confirmed  these  observations,  noted  a  case,  along  with  Orth,  in 
which  the  liver,  kidneys,  intestine,  bronchial  mucous  membranes,  and  lungs 
showed  traces  of  a  spread  of  the  xerosis  bacilli  by  the  blood.  How  far  this 
bacillus  is  to  be  regarded  as  the  cause  of  the  condition  found  in  the  eyes, 
cannot  at  present  be  determined  with  certainty.  Experience  shows,  however, 
that  disturbances  of  the  general  nutrition  is  of  great  importance  as  regards  the 
onset  of  this  disease. 
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22.  Spirillum  Cholerse  Asiaticse 

The  great  havoc  which  cholera  has  wrought  all  over  the  world  makes  this 
disease  unusually  interesting.  It  is  true  that  it  seems  as  if  its  power  expired 
with  the  introduction  of  better  hygienic  measures,  but  East  India,  the  endemic 
source  of  cholera,  still  constitutes  a  standing  danger  for  European  countries. 
This  explains,  therefore,  why  general  attention  was  so  greatly  excited  when  the 
first  reliable  information  concerning  the  pathogenic  microbes  of  cholera  was 
published. 

In  its  general  features  the  disease  resembles  many  serious  forms  of  in- 
testinal catarrh,  which  occur  sporadically  in  countries  of  the  temperate  zone 
(cholera  nostras).  From  this,  however,  Asiatic  cholera  is  distinguished  by  its 
extremely  infectious  character,  its  rapid  extension,  as  well  as  by  the  severity  of 
the  symptoms  and  consequent  high  mortality. 

After  a  irrodromal  period,  which  may  last  one  or  two  days,  or  be  absent 
altogether,  during  which  there  is  only  slight  disturbance  in  the  alimentary 
tract  and  general  malaise,  the  algid  stage  or  stage  of  asphyxia  sets  in  acutely. 
Severe  diarrhoea  and  intractable  vomiting  characterise  this  stage.  The  body- 
temperature  falls,  cramps  in  the  calves,  cyanosis,  apnoia,  violent  thirst,  make 
their  appearance.  The  great  vomiting  and  diarrhosa  lead  to  a  loss  of  water 
from  the  blood,  and  this,  in  its  turn,  is  manifested  by  suppression  of  urine. 
If  death,  with  the  symptoms  of  severe  prostration,  does  not  occur  in  this  stage, 
which  lasts  one  or  two  days,  the  symptoms  improve,  the  stage  of  reaction  begins. 
The  first  urine  which  is  now  passed  is  always  albuminous  and  turbid  and 
contains  cylindrical  casts  of  the  uriniferous  tubules  of  the  kidneys  (tube-casts). 
Determination  of  blood  to  the  head  takes  place,  with  redness  of  the  conjunctivae, 
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lethargy,  headache.  Even  now  a  relapse  to  the  earlier  stage  of  asphyxia  may 
follow,  or  convalescence  set  in  gradually.  The  occurrence  of  an  exanthem 
may  sometimes  be  observed  at  this  stage.  This  cholera  exanthem  appears  as 
red  spots  on  the  skin,  sometimes  more  as  pale  or  slightly  reddened  scattered 
elevations  on  the  surface  of  the  skin  (urticaria).  It  lasts,  as  a  rule,  from 
two  to  four  days. 

Later  on  a  series  of  sequelae  occur — boils,  abscesses,  suppuration  of  the 
parotid,  diphtheria  of  the  mucous  membranes  of  the  throat,  bronchial  catarrh, 
affections  of  the  lungs  and  pleura?,  diphtheria  of  the  colon,  bladder,  and 
female  genital  organs,  and,  most  important  of  all,  cholera  typhoid.  The  first- 
mentioned  sequelte  chiefly  point  to  septic  and  pycemic  infections,  to  which  the 
body,  weakened  by  cholera,  is  exposed  in  an  unusually  high  degree.  The 
cholera  typhoid  appears  to  be  due  rather  to  an  intoxication  with  the 
abnormal  chemical  products  of  metabolism  which  has  been  distui'bed  by  the 
cholera.  Perhaps  it  is  also  the  metabolic  products  of  the  pathogenic  microbes 
of  cholera  which  give  rise  to  the  poison.  This  cholera  typhoid  appears  to 
occur  especially  when  the  affections  of  the  kidneys,  which  Avill  be  immediately 
described,  are  very  severe,  so  that  the  excretion  of  the  pathological  metabolic 
products  from  the  body  is  delayed  and  rendered  difficult.  The  symptoms  of 
cholera  tj'phoid  —  headache,  sleeplessness,  alimentary  disturbances,  vomiting, 
and  cramp  in  the  muscles — led  Frerichs  to  regard  cholera  t3'phoid  as  the  result 
of  accumulation  of  the  constituents  of  the  urine,  i.e.  as  ur;emia.  Nevertheless, 
all  experience  goes  to  show  that  not  only  the  normal  constituents  of  the  urine, 
but  also  other  metabolic  products  peculiar  to  the  cholera  process,  at  present 
less  known,  are  the  causes  of  the  condition.  On  post-mortem  examination,  at 
the  height  of  the  disease,  in  the  algid  stage,  there  is  remarkable  dr3^ness  of  all 
the  tissues,  punctiform  and  more  extensive  hemorrhages  in  the  various  organs, 
frequently  congestion  of  the  lungs,  purulent  bronchial  catarrh,  congestion  of 
the  liver,  catarrh  of  the  bile-ducts,  marked  cloudy  swelling,  and  even  fatty 
degeneration  of  the  renal  epithelium.  The  spleen  is  not  enlarged.  Remark- 
able changes  in  the  alimentary  canal  are  associated  with  those  conditions.  The 
stomach  and  intestines  are  filled  with  turbid  fluid  like  gruel  or  rice  water 
which  contains  numerous  shreds  of  intestinal  epithelium,  but  is  nearly  or  com- 
pletely free  from  bile  pigment.  It  Avould  appear  that,  during  the  disease,  no 
bile  passes  into  the  intestine ;  at  the  same  time,  the  intestinal  mucous  mem- 
brane is  reddened,  swollen,  studded  with  punctiform  haemorrhages,  and  the 
lymph  follicles  and  Peyer's  patches  of  the  small  intestine  are  somewhat  enlarged. 

When  the  disease  has  lasted  longer,  those  conditions  are  altered,  in  so  far 
that  the  contents  of  the  intestine  lose  the  gruel-  or  rice-water-like  character  and 
become  brown  or  reddish-brown,  assuming  a  foul-smelling,  putrefactive  char- 
acter, "while  the  mucous  membrane  of  the  intestine  not  infrequently  shows 
extreme  congestion,  superficial  necrosis,  and  sloughing. 

In  the  earlier  stages  of  the  disease  E.  Koch  found  a  peculiar  micro-organism, 
the  spirillum  cholera?  Asiatic^e,  in  the  rice-water  contents  of  the  intestine. 
Further  researches  by  Koch  and  other  investigators  showed  that  this  micro- 
organism "was  only  met  "with  in  the  intestinal  contents  of  cholera  patients,  and 
penetrated  at  most  merely  into  the  openings  of  Lieberkuhn's  glands  and 
the  most  superficial  layers  of  the  mucosa.  It  is  not  found  in  the  later  stages 
of  the  disease,  when  putrefactive  decomposition  of  the  intestinal  contents 
has  set  in. 

The  spirillum  cholerce  Asiatics,  also  called  the  comma  bacillus,  is  a  faculta- 
tive serobic  rod,  1  to  2  /x  long,  and  somewhat  bent,  which  occurs  invariably  in 
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the  intestinal  contents  of  cholera  patients,  sometimes  in  very  large  numbers. 
It  may  be  cultivated  pure  in  neutral  and  slightly  alkaline  nutrient  media  of 
various  kinds  —  bouillon,  gelatine,  agar,  or  blood-serum  —  at  a  temperature 
of  25'  to  40"  C,  while  it  only  develops  slowly  at  low  temperatures.  In  the 
course  of  twenty-four  hours  gelatine  plate  cultures  form  small,  pale  droplets, 
Avith  an  irregular  nodular  margin  and  slightly  granular  surface.  Later  on,  the 
granular  appearance  becomes  more  distinct,  and,  after  seventy  to  seventy-five 
hours,  is  so  very  pronounced  that  the  colonies  may  be  compared  to  heaps  of 
small  fragments  of  glass  (R.  Koch).  At  the  same  time,  the  gelatine  becomes 
slowly  liquefied,  so  that  the  colonies  sink  somewhat.  This  sinking  is  much 
more  noticeable  in  puncture  cultivation.  If  a  test-tube  with  nutrient  gelatine 
be  inoculated  by  puncture  with  a  platinum  needle,  previously  brought  into 
contact  with  cholera  bacilli,  a  colony  forms  along  the  track  of  the  needle 
and  causes  the  gelatine  to  liquefy  gradually  along  it.  By  the  liquefaction  of  the 
gelatine,  the  line  of  inoculation  is  afterwards  transformed  into  a  funnel,  open 
above,  Avhich,  however,  is  only  partly  occupied  by  liquefied  gelatine  and  the 
colony.  The  upper  part  of  the  funnel  is  empty,  evidently  in  consequence  of 
the  loss  of  volume  brought  about  by  the  rapid  evaporation  of  the  liquefied 
gelatine. 

The  growth  of  the  cholera  spirillum  on  other  nutrient  media  is  less  char- 
acteristic. On  agar,  it  appears  in  the  form  of  gray  vegetations,  afterwards 
becoming  light  yellow,  without  liquefaction  of  the  nutrient  medium.  On 
boiled  potato  the  cholera  spirilla  grow  as  a  grayish -brown  layer;  in  dis- 
tilled water  they  die  ;  iu  ordinary  water  they  remain  alive  for  many  days,  and, 
in  certain  circumstances,  may  even  multiply.  More  or  less  luxuriant  growth 
takes  place  also  in  meat-broth,  blood-serum,  milk,  or  on  moist  linen  contaminated 
with  cholera  stools. 

In  pure  cultures  the  curved  cholera  microbes  are  grouped  in  shorter  or 
longer  spirals  (Plate  lY.,  Fig.  a)  which  justify  the  term  spirillum.  The 
individual  curved  rods,  however,  show  active  movement,  and  therefore  belong 
to  those  varieties  which  have  been  termed  vibrios.  Spore  formation  cannot  be 
demonstrated.  It  can  thus  be  easily  understood  that  simple  drying  kills  those 
microbes  in  a  short  time,  since,  in  general,  it  is  only  the  resistant  spores  of 
bacteria  that  can  survive  drying. 

Heating  to  100°  C.  also,  as  well  as  mineral  acids,  corrosive  sublimate, 
and  carbolic  acid,  destroy  these  microbes  easily.  Buj  wid  has  shown  that  a  red 
colour,  cholera  red,  develops  in  cultures  of  the  cholera  spirillum  in  bouillon  on 
the  addition  of  hydrochloric  acid.  This  reaction  points  to  the  presence  of 
indol  and  appears  in  cultures  of  several  other  microbes  also. 

The  attempts  to  produce  cholera  artificially  in  animals  are  of  interest. 
Those  first  made  by  Koch  were  unsuccessful.  When  portions  of  cholera  stools 
or  pure  cultures  of  the  spirilla  are  introduced  into  the  stomach  along  with 
the  food  or  by  means  of  the  stomach  tube,  the  spirilla  are  probably  killed 
by  the  acid  contents  of  the  stomach  of  the  animal.  Nicati  and  Rietsch  there- 
fore injected  cholera  cultures  directly  into  the  small  intestines  of  rabbits  and 
guinea-pigs  and  thus  produced  cholera-like  diseases  in  these  animals.  More 
recently  R.  Koch  succeeded  in  causing  the  infection  of  animals  by  means  of 
food,  Avithout  any  operation,  by  neutralising  the  contents  of  the  stomach  with 
carbonate  of  soda,  and,  at  the  same  time,  retarding  the  intestinal  peristalsis 
by  opium.  In  those  cases  the  cholera  spirilla,  introduced  with  the  food  into 
the  stomach,  pass  into  the  small  intestine  alive  and  exist  here  long  enough 
to  multiply  sufficiently  to  produce  the  disease. 
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The  results  of  these  experiments  remind  us  that,  in  cholera  epidemics, 
similar  conditions  are  often  present.  Long  before  the  discovery  of  the  cholera 
spirilla,  it  was  observed  that  the  victims  of  the  disease  were  mostly  those 
who,  during  cholera  epidemics,  were  suffering  from  alimentary  disturbances 
as  the  result  of  some  form  of  excess.  The  experiments  are,  however,  not 
absolutely  conclusive,  since  as  yet  no  animal  is  known  which  becomes  affected 
by  true  cholera  by  natural  means.  Animals  appear  to  be  immune  to  cholera. 
Therefore,  if  the  spirillum  in  question  be  not  regarded  as  the  pathogenic 
orij;anism  of  Asiatic  cholera  on  the  strenorth  of  what  has  been  said  above  and 
on  the  ground  of  other  experiments,  it  must  remain  doubtful  whether  the 
artificially  produced  disease  is  real  cholera.  It  has  also  been  proved  that 
other  organisms,  such  as,  for  instance,  the  Neapolitan  cholera  bacilli  of  Emmerich, 
cause  similar  sj^mptoms  of  disease  in  animals,  perhaps  in  a  more  intense  degree. 
The  proof  of  the  pathogenic  importance  of  the  cholera  spirilla  of  E.  Koch 
should  therefore  much  rather  be  based  on  its  invariable  presence  in  recent 
cases  of  cholera  in  man,  and  on  its  absence  in  healthy  persons  or  in  those 
otherwise  diseased. 

If  it  be  considered  that  the  normal  contents  of  the  intestine  in  man 
abound  in  micro-organisms,  one  cannot  help  attributing  to  them  great  import- 
ance in  the  digestive  process,  and  a  kind  of  symbiosis  between  man  and  these 
organisms  must  be  assumed.  Cholera  infection  disturbs  these  important  relations, 
and  it  is  therefore  comprehensible  that  very  serious  symptoms  of  disease  may 
thus  originate.  Pettenkofer's  researches  have  already  shown  that  it  is  necessary 
to  assume  the  presence  of  a  contagium  vivuni  in  cholera.  If  we  consider  that 
this  is  afforded  by  the  spirillum  cholerfe  Asiatica?,  we  may  assume  that 
these  bacilli  give  rise  to  abnormal  decompositions  in  the  contents  of  the 
intestine,  by  which  chemical  bodies  which  act  as  poisons  are  set  free.  Nicati 
and  Eietsch,  Klebs  and  Lange,  Pouchet  and  others  have,  as  a  fact,  found 
poisonous  alkaloid-like  bodies  in  cholera  subjects  after  death,  and  in  jxire 
cultures  of  cholera  spirilla.  Although  these  chemical  researches  cannot  be 
regarded  as  concluded,  still  they  support  the  view  just  advanced.  The  cholera 
poisons  are  thus  to  be  held  responsible  for  the  injuries  to  the  functions  of  the 
intestine  and  the  anatomical  structure  of  the  intestinal  wall  as  well  as  for  the 
general  disease.  Thej^  excite  intestinal  peristalsis,  produce  severe  catarrhal 
symptoms,  extreme  congestion  of  the  capillaries  of  the  intestinal  walls,  great 
watery  exudation  from  the  latter  into  the  lumen  of  the  intestine,  and  sloughing 
of  the  intestinal  epithelium.  The  great  discharge  of  thin  fluid  from  the  in- 
testine rapidly  brings  about  such  extreme  inspissation  and  loss  of  water  in  the 
blood  of  the  patient,  that  the  circulation  of  the  blood  is  disturbed,  the  oxy- 
genation of  the  tissues  suffer,  and  secretion  of  urine  is  arrested.  These 
secondary  disturbances,  which  ought  not  to  be  underestimated,  are  principally 
kept  up  by  the  passage  of  the  poisonous  substances  of  the  intestinal  contents 
into  the  blood. 

The  properties  of  the  spirilla  choleras  Asiaticte  just  described  explain  not 
only  the  phenomena  of  the  disease,  but  also  the  peculiarities  of  its  spread. 
Since  the  cholera  spirilla  form  no  permanent  spores  they  can  only  live  in 
moist  environments  and  in  water.  Contaminated  drinking  Avater  is,  accord- 
ingly, the  means  by  which  the  infection  is  spread  in  many  cases,  and  is  the 
cause  of  limited  and  more  extensive  outbreaks  of  cholera.  Afterwards  the 
further  dissemination  of  the  disease  throu2;hout  the  world  distinctlv  follows 
the  great  international  highways  of  communication.  It  is  evident  that 
travellers  who  are  suffering  from  latent  or  developed  cholera,  and  sheltering 
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the   contagium   vinim  from   drying  in   their   intestine,   carry  it  with  them  to 
widely  separated  localities. 
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23.  Spirochsete  Obermeieri  (Relapsing  fever) 

Eelapsing  fever,  or  febris  recurrens,  is  a  contagious  disease  distinguished, 
in  the  first  place,  by  its  peculiar  pyrexial  course.  It  consists  of  a  fever 
which  sets  in  rapidly  with  a  high  temperature  and  lasts  from  five  to  seven 
days ;  following  those  there  is  an  interval  of  four  or  five  days  without  fever 
or  even  with  a  subnormal  temperature.  After  this,  as  a  rule,  a  second  pyrexial 
attack,  lasting  three  to  five  days,  generally  occurs,  and  after  a  second  apyrexial 
period  there  is  sometimes  a  third  febrile  attack.  Not  infrequently  jaundice 
occurs  daring  the  course  of  the  disease.  As  in  man)'  other  acute  infective 
diseases,  there  is  cloudy  swelling  of  the  heart-muscle,  liver,  and  kidneys ;  the 
spleen  is  greatly  enlarged,  tense,  and  congested,  and  there  is  frequently  cloudy 
swelling  of  the  voluntary  muscles.  Besides  these  constant  conditions,  white 
or  yellowish -white  foci  of  varying  size  are  observed  in  the  spleen  more 
frequently  than  in  other  acute  infections,  as  was  first  remarked  by  Kiittner. 
These  are  very  small  degenerated  areas  which,  in  the  Malpighian  bodies, 
may  attain  the  size  of  a  pin-head  or  larger.  Sometimes  they  are  found  in 
the  spleen  pulp  also,  and  then  attain  the  size  of  a  pea  or  hazel-nut.  These  foci, 
which  are  possibly  caused  by  septic  and  pyremic  mixed  infections,  also  occur  in 
the  bone -marrow,  according  to  the  researches  of  Ponfick.  In  many  cases 
the  disease  terminates  in  recovery.  In  severe  forms  the  heart-muscle  appears 
to  suffer  specially.  In  addition  to  finely  granular  albuminous  and  fatty  degenera- 
tion of  the  heart-muscle  fibres,  a  division  into  peculiar  prismatic  fragments, 
corresponding  to  the  muscle  cells  Avhich  compose  the  muscle  fibre,  is  observed. 
Acute  affections  of  various  kinds  in  the  lungs,  occurring  subsequently,  are 
not  infrequently  the  immediate  cause  of  death. 

In  the  blood  in  relapsing  fever  Obermeier  discovered,  in  1873,  a 
spiroch;ete  in  the  shape  of  fine  spiral  filaments  which  showed  no  indication 
of  being  composed  of  small  joints,  as  was  seen  in  the  spirillum  of  cholera 
(Plate  IV.,  Fig.  b).  The  narrow  spirals,  which  are  closely  twined,  are  from  one  and 
a  quarter  to  five  times  the  diameter  of  a  red  blood  corpuscle  in  length,  thu.? 
measuring  14  to  40  jx.  They  can  only  be  observed,  however,  during  and  shortly 
before  the  febrile  attacks,  and  then  not  only  in  the  blood  of  the  large  vessels, 
but  in  the  smaller  vessels  and  the  capillaries  of  the  organs,  especially  the  spleen. 
In  fresh  blood  they  show  active  movement,  rotating  round  the  axis  of  the  spiral, 
and  thus  gliding  forwards  with  slight  lateral  movements.  Pure  cultures 
have  not  as  yet  been  satisfactorily  obtained.  The  pathogenic  significance  of 
Obermeier's  spirochsete  is  beyond  doubt,  however.  Their  invariable  and 
abundant  presence  in  the  blood  during  and  immediately  before  the  attacks  of 
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fever,  their  disappearance  during  the  apyrexial  periods,  their  absence  from 
the  blood  in  health  leave  no  doubt  on  this  point.  Besides  this,  Motschutkowsky 
has  produced  the  disease  artificially  in  man  by  inoculation  Avith  blood  containing 
the  spirilla.  Koch,  Carter,  and  Metschnikoif  have  done  the  same  in  monkeys. 
After  those  experiments  one  must  admit  the  possibility  that  the  disease  may 
be  conveyed  to  man  by  the  stings  of  fleas  and  other  insects,  since  overcrowding, 
especially  among  the  poor,  dirty,  and  under-fed,  appears  to  play  a  considerable 
part  in  its  spread,  as  is  the  case  with  leprosy. 
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24.  Leptothrix  Buccalis 

In  the  fluids  of  the  mouth  and  in  the  tartar  round  the  teeth,  it  can  be  easily 
understood  that   a  great  number  of  microbes  of  diff"erent  varieties  should  be 

constantly  present.  These  are 
cocci  and  bacilli,  curved  rods 
similar  to  the  comma  bacilli  of 
cholera,  and  also  the  spirocheete 
denticola,  which  closel}^  resembles 
the  spirochajte  Obermeieri,  etc., 
(Fig.  37).  It  is  only  the  lepto- 
thrix buccalis,  however,  which 
appears  to  be  of  much  import- 
ance. In  the  mucus  which  clings 
to  the  tongue,  the  teeth,  and 
other  portions  of  the  internal 
surface  of  the  mouth,  this  forms 
bundles  and  tufts  of  slightly 
waved  or  straight  filaments  (Fig. 
37).  The  breadth  of  these  fibres 
is  about  1  /x,  sometimes  greater 
and  sometimes  somewhat  smaller; 
0'8  to  1'2  /i  may  be  assumed  as 
the  limit.  The  lensjth  of  the 
filaments  is,  however,  very  con- 
siderable ;  I  have  found  some  0*3  mm.  long.  AMien  unstained,  the  filaments 
show  no  distinct  segmentation  ;  they  appear  as  fine,  round  tubes  with  slightly 
refractile  contents,  in  places  showing  fine  granules.  These  granules  become 
blue  on  the  addition  of  a  solution  of  iodine  and  potassium  iodide,  with  or 
without  sulphuric  acid,  in  the  same  way  as  starch.  The  same  reaction  is  found 
also  in  the  finely  granular  substance,  which  does  not,  however,  consist  of  cocci, 
in  which  the  leptothrix  filaments  lie  embedded.  After  staining  with  aqueous 
methylene  blue  no  segmentation  can  be  recognised  in  many  leptothrix  fila- 


FiG.  37. — From  teeth  sordes  in  man.  o,  Spirochtete  denticola  ; 
h,  leptothrix  buccalis,  unstained,  in  water ;  c,  leptothrix 
buccalis,  stained  with  methylene  blue,  mounted  in  Canada 
balsam,  xlOOO. 
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ments.  The  larger  filaments,  however,  show  that  they  are  made  up  of  numerous 
rods  (Fig.  37). 

The  leptothrix  filament  is  also  found  in  the  tartar,  the  yellow  and  brown 
secretion  containing  calcareous  matter  which  forms  round  the  teeth.  It 
has  been  assumed  that  the  leptothrix  filaments  excrete  the  calcareous 
particles.  The  organisms  are  invariably  present  in  such  quantities  in  the 
tartar  that  this  becomes  blue  when  treated  with  iodine.  The  leptothrix  has 
also  been  regarded  as  the  cause  of  caries  of  the  teeth.  It  is  well  known 
that  cavities  are  formed  in  the  teeth,  and  that  the  canaliculi  of  the  dentine 
open  into  the  walls  of  these  cavities.  In  the  canalicixli  finely  granular  substances 
are  found  which  become  blue  when  iodine  is  added,  while,  on  the  surface  of 
the  decayed  part,  luxuriant  vegetations  of  leptothrix  flourish. 

If,  however,  the  fact  be  considered  that  many  people  are  free  from  caries 
of  the  teeth,  and  also  that  it  is  very  seldom  that  all  the  teeth  are  diseased  in 
one  individual,  the  cause  of  the  caries  must  be  looked  for  in  a  peculiar  condition 
of  the  teeth.  It  is  possible  that  a  pathological  condition  of  the  teeth  provides 
the  conditions  Avhich  enable  the  leptothrix  to  attack  them. 

Lastly,  it  should  be  mentioned  that  leptothrix  filaments  are  found  in  concre- 
tions which  contain  carbonate  of  lime  in  the  cryjDts  of  the  tonsils,  in  the  salivary 
and  lachrymal  ducts,  the  urinary  passages,  and  in  gangrenous  foci  in  the  lungs. 

Literature 

Miller — Die  Mikro-oganismen  der  ilundbolile.     Leipzig,  1889. 

25.  Actinomyces  Hominis 

The  researches  of  Bollinger,  Harz,  J.  Israel,  and  Ponfick  have  been  the 
means  of  explaining  the  etiology  of  a  peculiar  disease  occurring  in  man, 
cattle,  and  liorses,  characterised  by  the  development  of  large  tumour-like 
masses  of  tissue.  The  cause  of  the  disease  is  a  fungus  Avhich  received 
from  Harz  the  name  of  actinomyces  (ray  fungus)  on  account  of  the 
peculiar  formation  of  the  colonies  formed  by  it  in  the  diseased  tissues. 
The  most  recent  author  on  this  subject,  Bostroem,  considers  actinomyces  as  a 
special  variety  of  cladothrix. 

The  colonies  of  the  actinomyces  may  be  seen  with  the  naked  eye  as 
granules,  the  size  of  a  poppy  seed,  not  infrequently  calcified.  Under  the 
microscope  they  show  a  radiating  arrangement.  The  details  of  their  structure, 
however,  are  only  to  be  recognised,  as  a  rule,  after  proper  staining  (Gram's 
method),  if  necessary  after  previous  decalcification.  Finely  granular  centres 
(Plate  IV.,  Fig.  e)  may  be  recognised  in  such  stained  preparations,  round  which 
the  individual  filaments  of  the  fungi  are  arranged.  These  filaments  are  club- 
shaped,  rounded  at  their  free  ends  (Plate  IV.,  Fig.  d),  frequently  somewhat 
segmented,  sometimes  branched.  In  some  places  the  radiating  structure  of 
the  masses  (or,  as  it  has  been  called,  the  colony)  is  interrupted,  so  that  single 
filaments,  and  others  slightly  intertwined,  extend  from  the  radially  striated  mass 
into  the  surrounding  tissue.  Bostroem,  therefore,  was  correct  in  describing  the 
colonies  in  actinomyces  as  hollow  hemispheres,  from  the  concave  sides  of  which 
fungus  filaments  grew  out.  In  older  actinomyces  bodies,  on  the  other  hand, 
the  centre  of  these  hemisj)herical  masses  contains  the  finely  granular  degenerated 
remains  of  the  filaments. 

In  the  neighbourhood  of  these  colonies  of  actinomyces,  a  rounded  area  of 
newly  formed  connective  tissue,  richly  provided  with  lymphoid  and  epithelioid 
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cells,  is  usually  found.  These  cellular  foci,  Avith  the  centrally  situated  patch  of 
fungi,  become  encircled  with  more  or  less  well-marked  processes  of  firm,  fibril- 
lated,  cicatricial  tissue,  which  are  sometimes  verj-  extensive.  In  this  way  there 
arise  firm  tumour  masses  of  various  sizes,  Avhich  may  have  some  similarity  to 
the  sarcomata  afterwards  to  be  described.  This  similarity  is  still  greater  if  the 
tumour  be  situated  on  the  bones,  say  the  under  jaw,  and  becomes  partly  ossified, 
or.  at  least,  surrounded  by  a  cortex  of  bony  tissue.  In  other  cases,  the  newly 
formed  masses  undergo  mucoid  or  puriform  softening.  JNIore  or  less  extensively 
ramifying  sinuses,  filled  with  muco-purulent  fluids,  are  then  formed  and  may 
involve  a  large  portion  of  the  organ.  The  walls  of  these  sinuses  are  formed 
bv  the  degeneratino-  masses  of  the  cellular  new  formation.  Colonies  of 
actiuomyces,  visible  even  to  the  naked  eye  as  rounded  light  yellow  granules,  are 
found  in  the  walls  of  the  sinuses  as  well  as  in  their  fluid  contents.  Their 
presence  is  absolutely  characteristic  of  the  disease. 

As  regards  the  developmental  history  of  the  colonies  of  actinomyces,  I  may 
point  out  that,  immediately  round  and  at  some  distance  from  the  larger  colonies, 
single  branching  fungus  filaments  are  sometimes  seen,  as  well  as  star-shaped 
masses  made  up  of  such  filaments  (Plate  IV.,  Fig.  c).  It  would  appear  as  if  single 
filaments  from  the  large  colonies,  especially  from  the  primary  focus  of  infection, 
penetrate  into  the  tissues,  and  thus  form  the  starting-point  for  the  formation  of 
new  colonies. 

0.  Israel  was  the  first  to  succeed  in  making  a  pure  culture  of  actinomyces, 
and,  more  recently,  Bostroem  has  investigated  the  parasite  more  thoroughly. 
By  using  a  modification  of  the  plate  method,  he  succeeded  in  separating  the 
actinomyces  from  contamination  with  other  microbes,  and  obtaining  growths  on 
gelatine,  agar,  and  coagulated  blood-serum.  On  artificial  nutrient  media  the 
colonies,  Avhen  fully  developed,  after  about  twenty- eight  days,  form  small, 
bright,  rose -red  nodules,  near  which  a  fine,  fleecy,  white  network,  consisting  of 
branching  filaments,  with  an  indistinctly  radial  arrangement,  can  be  seen.  The 
actinomyces  appears  as  a  facultative  anaerobic  organism,  which  thrives  best 
at  33  to  37°  C,  but  grows  slowly  at  room-temperature.  It  is  composed  of  branch- 
ing threads.  Its  branches  consist  of  solid,  uniform  tubes  which  break  up  into 
rounded  granules,  the  spores,  by  continued  transverse  division.  The  club-shaped 
swellings  of  the  terminal  segments  is,  however,  the  result  of  a  gelatinous  swelling 
of  the  capsule  of  the  filaments.  From  the  spores  new  filaments  are  formed  by 
simple  germination,  and  these  may  become  the  starting-point  for  the  formation 
of  new  colonies  (Bostroem). 

The  disease  is,  in  many  cases,  produced  by  the  penetration  into  the  tissues 
of  one  or  more  bristles  from  the  ears  of  cereals,  especially  barley,  as  has  been 
shown  by  Ponfick,  Johne,  Bang,  Soltmann,  and  Bostroem.  These  pierce  the 
tongue,  the  mucous  membrane  of  the  cheek,  the  gums,  the  walls  of  the  oeso- 
phagus, and  thus  serve  to  carry  in  the  germs  of  the  actinom3xes  present  in 
the  barley.  In  other  cases,  less  clearly  explained,  the  bronchial  mucous  mem- 
brane, the  pulmonary  tissue,  the  intestinal  mucous  membrane,  are  the  first  sites 
of  infection.  The  disease  then  extends  subsequently  to  the  pleura,  the  peri- 
cardial sac,  the  liver,  the  spleen,  and,  especially,  to  the  muscles  arid  subcutane- 
ous soft  parts  of  the  thorax,  the  axilh-e,  and  the  back,  giving  rise  to  numerous 
branching  fistulse,  filled  with  a  puriform  substance. 

By  what  means  the  primary  infection  of  the  lungs  and  intestine  is  produced 
can  only  be  conjectured.  If  the  ears  of  barley  really  harbour  the  parasite  in 
a  free -living  condition,  inhalation  of  or  swallowing  the  spores  might  be 
thought  of.     In  this  case,  however,  more  numerous  attacks  of  the  disease  might 
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be  expected.  It  must  therefore  be  assumed  that  the  spores  only  find  the  con- 
ditions for  their  development  in  man,  when  a  foreign  body  which  has  entered 
at  the  same  time  gives  rise  to  a  long- continued,  though  very  circumscribed, 
pathological  lesion.  The  disease  has  been  successfully  transmitted  by  inoculation. 
It  ought  to  be  mentioned  that  similar  affections  also  occur  in  swine,  and 
also  that  tumour-like  masses  of  connective  tissue  (mycodesmoid,  Johne)  form 
in  horses,  as  a  consequence  of  the  growth  of  a  peculiar  grape-  or  mull^erry- 
shaped  micrococcus,  surrounded  by  a  gelatinous  envelope  (micrococcus  ascoformans, 
Johne  :  micrococcus  hotryogenus,  Rabe). 
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II.  Yeast-Fungi  (Blastomycetes)  and  Mould-Fungi  (Hyphomycetes) 

The  yeast-  and  mould-fungi  are  distinguished  from  other  schizomycetes  by 
their  much  greater  size.  The  essential  point  of  distinction  between  the 
mould-  and  yeast-fungi  and  the  schizomycetes  is,  however,  not  their  size,  but 
rather  the  fact  that  the  former  belong  to  a  diff"erent  class  which,  it  is  true, 
includes  many  very  simply  constituted  varieties,  but  higher  forms  of  which 
show  a  differentiation  of  cells  into  various  organs.  Like  the  fission-fungi  or 
schizomycetes,  the  yeast-  and  mould-fungi  also  appear  as  vegetable  organisms 
without  chlorophyll.  Many  of  them  grow  on  dead,  organic  substances  and 
apjjear  as  saprophytes,  giving  rise  to  various  processes  of  decomposition  and 
degeneration  in  their  nutrient  media.  Other  varieties  of  fungi  combine  with 
organisms  of  a  diff"erent  kind,  the  algse  for  instance,  by  a  process  of  symbiosis, 
and,  in  this  way,  sometimes  form  peculiar  growths  Avhich,  in  the  case  of  the 
algpe,  are  termed  lichens  (de  Bary,  Schwendener).  In  symbiosis  each  organism 
is  necessary  for  the  life  of  the  other.  Between  the  human  organism  and  the 
micro-organisms  of  the  normal  intestinal  contents  such  a  condition  of  symbiosis 
may  be  regarded  as  existing,  as  was  already  mentioned  in  the  description  of 
cholera.  Symbiosis,  therefore,  is  not  a  peculiarity  which  would  form  a  general 
distinction  between  fission -fungi  on  the  one  hand,  and  yeast-  and  mould-fungi 
on  the  other. 

In  many  cases,  symbiosis  passes  without  sharp  demarcation  into  parasitism, 
into  a  condition  in  which  the  one  organism  is  necessary  for  the  life  of  the  other, 
but  the  other  is  not  in  an  equally  dependent  relation.  The  victim  of  the  parasite 
often  sufters  direct  injury  which  may  amount  to  disease.  The  parasite  is  then 
pathogenic.  Thus,  among  the  yeast-  and  mould-fungi,  many  pathogenic  and 
non-pathogenic  parasites  are  found  living  in  and  upon  the  human  body. 
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1.  Yeasts 

The  yeasts  are  the  most  simply  organised  of  the  fungi.  Among  them  the  most 
common  and  best  known,  as  well  as  the  most  unmistakable  as  regards  their  posi- 
tion in  the  class,  are  the  yeasts,  the  nujcoderma  vini,  and  the  saccharomyces  cerevism, 
which  produce  the  alcoholic  fermentation  of  wine  and  beer.     These  yeasts  are 

cells,  rounded  or  slightly  elongated,  which  show  no 
definite  structure  except  that  they  occasionally  have 
one  or  more  small  vacuoles.  They  multiply  in  a 
very  characteristic  manner.  A  small  projection  or 
bud  appears  on  the  surface  of  the  cell,  which,  be- 
coming gradually  larger,  assumes  the  shape  of  a 
daughter  cell.  The  daughter  cell  may  then  part 
from  the  mother  cell,  so  that  the  one  cell  becomes 
two  independent  cells.  In  other  cases  the  daughter 
cell  remains  connected  with  the  mother.  From  the 
daughter  cell,  however,  a  new  cell  is  formed  by  the 
same  budding  process,  and  this  process  may  occur 
repeatedly,  so  that  linked  chains  of  buds  may  be 
formed,  as  is  seen  in  Fie.  38. 

Such  yeasts  are  occasionally  found  in  the  stomach,  where,  however,  they  are 
of  no  great  importance  as  exciting  causes  of  disease.  Their  presence  in  urine 
containing  sugar  in  diabetes  has  also  been  mentioned,  but  I  have  never  been 
able  to  convince  myself  of  this. 


Fig.  3S. — Saccharomyces  cerevisise, 
X350. 


2.  Oidium  Albicans  (Thrush) 

In  many  cases  of  serious  illness,  especially  those  which  are  associated  Avith 
great  loss  of  strength,  a  Avhite, 
easily  detached  coating,  in 
which,  as  Robin  showed,  a 
peculiar  fungus  is  contained,  is 
found  on  the  mucous  memljrane 
of  the  oesophagus,  pharynx, 
mouth,  and  other  situations. 
It  consists  of  elongated  cells 
combined  to  form  branching 
filaments.  The  filaments  form 
a  thick  network  (mycelium), 
lying  loosely  upon  the  mucous 
membrane ;  sometimes,  how- 
ever, they  also  penetrate  the  most 
superficial  layers  of  the  epi- 
thelial covering  (Fig.  39).  Be- 
tween the  mycelium  filaments 
there  invariably  lie  numerous 
shed  epithelial  cells  and  micro- 
organisms of  various  kinds,  in 
addition  to  shining  spherical 
cells,  partly  single,  partly  united 
in  small  groups.  Cells  exactly 
similar  are  sometimes  found  inserted  in  the  chains  of  cells  of  the  mycelium. 


Fig.  39.— Oidium  albicans.     Mycelium  filaments  and  conidio- 
spores  from  a  thrusli  membrane  of  the  oesophagus.    X  350. 
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The  oidium  albicans  has  not  been  observed  to  penetrate  more  deeply  into 
the  mucous  membranes,  but  some  facts  will  be  mentioned  later  which  are 
supposed  to  indicate  that  it  does  penetrate  deeper.  Thrush,  however,  often 
causes  considerable  trouble,  especially  in  children.  We  owe  the  first  accurate 
investigations  to  Grawitz,  and  these  were  subsequently  confirmed  by  Kehrer, 
Baginsky,  Klemperer,  and  others.  According  to  these  researches,  the  oidium 
albicans  occurs  in  two  forms — in  the  form  of  a  blastomycete  and  in  the  form  of  a 
hyphomycete,  which  occasionally  becomes  constricted  and  casts  off  rounded 
portions  which  may  be  regarded  as  spores  (conidio-spores),  since  they  are  able 
to  generate  new  mycelium  filaments.  The  filamentous  variety  of  the  oidium 
albicans  is  specially  to  be  observed  in  watery  nutrient  media  containing  little 


Fig.  40.— Oidium  albicans,    a,  As  grown  in  dilute  fluid  containing  little  sugar  ;  h  and  c,  obtained  from  a  culture 
in  a  medium  with  a  large  proportion  of  sugar,  mycelia  producing  yeast-like  bodies  (after  Grawitz). 


sugar,  while  the  yeast-like  form  predominates  on  slices  of  apple,  potato,  and 
similar  substrata  (Fig.  40,  &,  c). 

These  results  explain  in  a  very  simple  manner  the  connection  between  the 
blastomycetes  and  the  hyphomycetes.  The  mycelium  filaments  here  appear  as 
a  modified  chain  of  buds,  produced  by  a  growth  in  length  of  the  individual 
cells  which,  in  their  turn,  are  able,  under  suitable  conditions,  to  give  rise  to 
budding.  According  to  Grawitz,  the  oidium  albicans  is  identical  with  the 
mycoderma  vini,  described  by  Cienkowski. 
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3.  Microsporon  Furfur 

Pityriasis  versicolor  or  dermatomycosis  farfuracea  is  the  name  given  to  an 
unimportant  skin  aflFection  which  occurs  specially  in  tubercular  subjects,  but 
also  in  individuals  who  are  otherwise  healthy.  Yellowish-brown  or  brown 
spots,  on  the  surface  of  which  the  epithelium  exfoliates  in  fine  scales,  appear  on 
the  breast  or  the  back  or  on  other  parts  of  the  body  which  are  covered  by  the 
clothes.  The  microscope  shows  a  finely  lamellar  separation  of  the  epidermis, 
and  between  the  loosened  layers  of  epidermis,  a  hyphomycete  which  sometimes 
penetrates  as  far  as  the  rete  Malpighi.     It  consists  of  a  segmented,  branching 
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Fig.  41. — Microsporon  furfur.    Stained  witii  metiiylene  bhie,  mounted  in  Canada  balsam,  xSoO. 

mycelium  and  very  numerous  round,  shining  conidio-spores  (Fig.  41).  By 
means  of  pure  cultures,  Grawitz  arrived  at  the  conclusion  that  in  this  hypho- 
mycete the  conidio-spores  do  not  arise  by  budding,  but  by  transverse  division 
of  the  cells  of  the  mycelium.  The  fungus  of  pityriasis  versicolor  would  there- 
fore be  closely  connected  with  the  oidium  lactis. 


4.  Achorion  Schbnleini 

This  hyphomycete,  which  was  found  by  Schonlein  in  1839  in  the  crusts  of 
favus,  strongly  resembles  the  microsporon  furfur.  It  consists  of  a  branching 
mycelium  which  generates  conidio-spores  (Fig.  42). 

Tinea  favosa  or  favus  is  found  on  the  parts  of  the  body  covered  with  hair, 
especially  on  the  head.  Small  yellowish  scales  are  formed,  consisting  of 
epidermal  cells  and  patches  of  fungus  under  the  most  superficial  layers  of  the 
skin  surrounding  the  hairs.  As  the  little  discs  or  scutula  become  larger,  the 
most  superficial  layers  of  the  epidermis  covering  them  disappear  or  become 
torn.     The  favus  scutulum  then  lies  exposed.      It  appears  as  a  concave  disc. 
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hollowed  in  the  middle,  formed  of  a  yellow  crumbling  substance  and  transfixed 
by  a  hair.  If  the  favus  scutulum  be  removed,  a  moist  red  spot  is  left,  which 
is  still  covered,  however,  by  the  deeper  layers  of  the  depressed  rete  Malpighi. 
The  fungus  also  penetrates  the  layers  of  the  hair-root  sheaths  and  the  hair- 
roots,  so  that  the  hairs  become  loosened  and  easily  fall  out. 

The  favus  fungus  may  be  cultivated  \)y  the  methods  of  Grawitz,  Quincke, 
and  others  on  agar,  gelatine,  potatoes,  and  other  nutrient  media.  It  then  forms 
a  mycelium,  consisting  of  segmented,  branching  filaments  which,  at  different 
places,  generate  conidio-spores  (Fig.  43).  This  fungus  has  not  as  3^et  been 
differentiated  from  the  previous  form  with  absolute  certainty. 

In   many   persons   great   malformation    of    the    nails    is    found    with    the 


Fic.  42. — Achorion  Schonleini,  from  a  favus  crust,  my- 
celium, conidio-spores,  a  few  fat  droplets,  two  epidermal 
cells.    Glycerine  preparation,  x  1000. 


Fio.  43. — Achorion  Sclionleini. 
on  a  class  slide. 


Culture 


formation  of  yellow  crusts  containing  the  same  hyphomycete  {Onychomycosis 
favosa). 

Similar  varieties  of  fungus  have  been  demonstrated  in  Herpes  tonsurans 
{Tricophyton  tonsurans),  Onychomycosis  tonsurans,  Sycosis  parasitaria,  Eczema 
marginatum;  and  in  many  other  skin  diseases. 

A  hyphomycete  (Chionyphe  Carteri)  was  discovered  by  Carter  in  Madura 
disease,  a  disease  which  is  present  in  the  East  and  leads  to  great  swelling, 
combined  with  ulceration  of  the  hands  and  feet. 
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5.  Aspergillus,  Mucor 

In  the  different  species  of  Aspergillus,  Penicillium,  and  Mucor,  a  much  more 
complete  organisation  is  found  than  in  the  varieties  as  yet  described.  These 
frequently  occur  on  the  surface  and  in  the  interior  of  the  human  bodj-.  In 
most  cases  they  manifest  a  saprophytic  character,  as  they  only  grow  on  dead 
tissues. 

The  different  varieties  of  aspergillus  have  a  branching  mycelium,  made  up  of 
cylindrical  cells  which  penetrate  into  the  nutrient  media.  The  mycelium  sends 
germinal  hyphas  upwards  into  the  air.     Those  take  the  form  of  elongated  cells, 
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Fig.  44. — Aspergillus  uiger  from  tlie  external  auditory  meatus,  xlOO. 


often  pigmented,  brown  or  greenish.  At  the  free  end  those  cells  swell  up  and 
form  a  spherical  enlargement,  the  conidiophore.  At  their  circumference  these 
generate  a  great  number  of  flask-shaped  cells  {sterigmata).  The  narrow  free  end 
of  the  latter  finally  casts  off  the  gonidia  or  spores  by  constriction  (Fig.  45). 

Aspergillus  is  most  frequently  found  in  the  external  auditory  meatus  (Mayer). 
It  occurs  chiefly  in  association  with  catarrhal  irritative  conditions  in  the  external 
ear  where  there  is  accumulation  of  large  quantities  of  shed  epithelium.  These 
may  often  be  withdrawn  from  the  ear  en  masse,  as  thimble-shaped  bodies,  and 
the  hollows  in  these  epidermal  accumulations  show  more  or  less  dense  tufts  of 
aspergillus  (Fig.  45). 

The  occurrence  of  aspergillus  in  the  lungs,  first  described  by  A'ircliow,  is 
much  more  rare.     In  diabetics  especially  who  have  a  relatively  large  amount 
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of  grape-sugar  not  only  in  the  urine,  but  also  in  the  blood  and  parenchyma  of 
the  organs,  it  has  been  found  in  foci  of  various  sizes  where  the  lung  is  breaking 
down.  These  areas  of  disintegration  are  usually  produced  by  the  aspiration  of 
foreign  bodies,  particles  of  food,  saliva,  or  bronchial  contents  in  a  state  of  putre- 
factive decomposition.  The  pulmonary  tissue  then  necroses  at  isolated  spots. 
Soft,  dirty-looking,  gangrenous  or  necrotic  foci  form,  in  the  vicinity  of  which 
the  lung  tissue  becomes  condensed  by  the  filling  up  of  the  alveoli  with  fibrinous 
or  fibrino-purulent  masses.  In  the  necrotic  foci  numerous  microbes  of  various 
kinds  are  always  found,  especially  fission -fungi,  and,  in  many  cases,  also 
mould -fungi.       The    latter    sometimes    develop   a  branching  mycelium   only, 


e    a  e  o o  o„ 


Fig.  45. — Diagrammatic  section 
of  the  conidiophore  of  an 
aspergillus.  o,  Basidia  ;  h, 
sterignmta  ;  c,  spores  or 
gonidia.    x200. 


Fig.  46.— Mycelium  of  an  aspergillus  from  tlie  \vall  of 
an  alveolus  in  gangrene  of  the  lung,  x  475. 


which  lies  apposed  to  the  inter-alveolar  septa  (Fig.  46) ;  but,  under  certain 
circumstances,  it  may  also  form  large  bundles  which  project  free  into  the 
interior  of  the  alveoli  (Fig.  47).  Conidiophores  are  not  formed  here.  This  may 
be  due  to  the  fact  that  the  alveoli  have  lost  their  air  and  are  filled  with  fluid. 
At  other  parts  alveoli  are  found  containing  air,  whose  walls  show  little  mycelium, 
but  present  characteristic  conidiophores  (Fig.  48). 

Hyphomycetes  (mould-fungi)  are  also  observed  in  dilated  bronchi  in  severe 
forms  of  bronchial  catarrh,  as  well  as  in  ulcerative  cavities  in  tubercular  lungs. 
They  do  not,  as  a  rule,  however,  extend  more  widely  throughout  the  body. 
They  rather  confine  themselves  to  tissues  which  are  already  cast  off",  and,  in 
those  cases,  are  unimportant  associates  of  the  processes  of  decomposition.     Only 
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a  few  observers  ascribe  greater  importance  to  them.     E.  Waguer  has  repeatedly 


KiG.  47. — From  a  gangrenous  area  in  the  lungs.     Mycelium  patches  of  an  aspergillus  stained  dark  red.    Stained 

carmine,  mounted  in  Canada  balsam,  x  51. 

observed  a  penetration  of  the  filaments  of  the  oidium  albicans  into  the  blood- 
vessels of  the  mucous  membrane  of  the  mouth,  and  Zenker  described  multiple 


Fig.  4S. — From  the  same  gangrenous  area  of  the  lung  as  Figs.  4(5  and  47.    Conidiophores  of  aspergillus,  x  500. 

abscesses  of  the  brain  in  a  child  affected  with  thrush,  in  which  he  demonstrated 
germinating  spores  of  oidium  albicans. 
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Grohe  was  led  by  these  observations  to  investigate  the  subject  experiment- 
ally. He  introduced  the  spores  of  mould-fungi  into  the  blood-vessels  of  rabbits 
and  found  that  a  fatal  disease  then  attacked  the  animals  experimented  on. 
This  was  supposed  to  result  from  the  germination  of  the  spores  in  the  blood 
and  tissues  of  the  animal.  Further  inquiry  into  these  discoveries  by  Grawitz, 
GafFky  and  Koch,  Lichtheim  and  Leber  led  to  the  discovery  of  some  varieties 
of  mould-fungi  which  thrive  at  body-temperature  and  are  capable  of  further 
growth  in  warm-blooded  animals  and,  therefore,  possess  pathogenic  properties. 
These  are  :  (1)  Aspergillus  fumigatus  ;  (2)  Asper- 
gillus flavescens  5  (3)  Mucor  rhizopodiformis ; 
(4)  Mucor  corymbifer. 

An  exhaustive  systematic  description  of  those 
four  varieties  of  fungus  will  not  be  attempted 
here  until  more  complete  information  regarding 
their  appearance  in  man  is  obtained.  It  may  be 
mentioned,  however,  that  the  varieties  of  Mucor 
are  differentiated  from  the  Aspergillus  by  their  ^  ^ 

germinal  hypha?.     The  conidiophore   in  ]\Iucor     ''"'•  4'J--Conidiophore  fioni-«,  Mucor 

,         ,  1-1         11  •         c  1/  mucedo,  xl25;  6,  mucor  rhizopodi- 

develops  a  spherical  cell  at  its  free  end  (spor-  fonuis,  xso.   Diagrammatic. 

angium),  whose  contents  afterwards  form  spores 

or  gonidia.  The  dividing  wall  between  conidio})hores  and  sporangium 
projects  as  a  highly  convex  membrane  into  the  sporangium  (columella, 
Fig.  49). 

There  is  still  another  form  of  spore  formation,  viz.  by  zygospores.  This, 
in  a  certain  sense,  approaches  sexual  reproduction,  since  spore  formation  is 
preceded  by  the  fusion  of  two  cells,  distinguished  by  certain  peculiarities  of 
shape  and  previously  separate  from  each  other. 
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III.  Protozoa 

The  protozoa  comprise  a  closely  related  series  of  extremely  small,  very 
simply  organised  and  mostly  unicellular  organisms.  Their  most  highly  developed 
forms,  the  Infusoria,  are  undoubtedly  animal ;  while  the  lowest  forms,  as  can 
be  easily  understood,  show  many  points  of  agreement  Avith  certain  of  the  lowest 
vegetable  organisms,  especially  such  as,  like  the  myxomycetes  and  others, 
exhibit  free  movements. 

Among  the  Protozoa,  the  Rhizopoda,  Sporozoa,  and  Infmoria  may  be 
distinguished. 
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The  Ilhizopoda  have  bodies  composed  of  protoplasm  which  change  their 
form  by  rapidly  pushing  out  and  drawing  in  processes  or  pseudopodia,  and 
thus  move  from  place  to  place.  As  a  rule,  multiplication  takes  place  by  fission, 
more  rarely  by  the  development  of  embryos  within  the  body. 

In  the  Sporozoa  there  are  only  small  vermicular  movements  of  the  body. 
This  is  frequently  surrounded  by  a  cuticular  envelope  which,  as  a  rule,  changes 
into  a  more  or  less  firm  capsule,  when  growth  ceases  and  reproduction  begins. 
"Within  the  encaj^suled  body  a  more  or  less  considerable  number  of  spores 
(pseudonavicellse,  psorosperms)  are  developed.  The  contents  of  the  spores 
immediately  on  being  set  free  develop  into  embryos,  or  they  divide  into  a 
small  number  of  sickle- shaped  bodies,  which  escape  and  grow  into  mature 
animals. 

The  Infusmia  are  distinguished  by  possessing  cilia,  which  subserve  locomo- 
tion. One  or  more  contractile  vacuoles,  in  addition  to  one  or  more  nuclei,  are 
found  within  the  body.  Many  infusoria  possess  a  mouth-like  orifice  by  which 
nutriment  is  taken  in,  and  also  an  anus.  Multiplication  takes  place  in  various 
ways,  by  fission,  budding,  formation  of  embryos,  often  after  previous  copulation 
of  two  individuals. 

A.  Ehizopoda 


1.  Amoeba  Coli 

The  anmha  coli  deserves  mention  as  one  of  the  Rhizoijoda  which  occurs 

parasitically  in  man.     It  was  discovered  first  by  Losch  and  then  by  Koch  and 

Kartulis  in  the  intestine  in  dysentery, 
both  in  the  ulcers  in  the  mucous  mem- 
brane, and  in  the  flakes  of  mucus  dis- 
charged from  the  bowel.  Kartulis  also 
demonstrated  its  presence  in  abscesses 
of  the  liver  following  dysentery. 

According  to  the  descriptions  of 
Losch,  the  amreba  has  a  diameter  of 
from  20  to  35  /x.  It  consists  of  a 
nucleus  and  a  coarsely  granular  proto- 
l)lasm  which  contains  several  vacuoles. 
The  protoplasm  sends  out  broad,  blunt 
processes  which  appear  more  transpar- 
ent than  the  rest  of  the  cell,  and  which 
give  it  a  changing,  oval,  pear-shaped, 
or  irregular  outline  (Fig.  50).  The 
amoebte  observed  by  Kartulis  were  in 
one  case  considerably  larger,  but  in  his 

later    case    he    makes   no    definite    statements    as    regards    their    dimensions. 

Councilman  and  Lafleur  have  recently  confirmed  these  discoveries  in  a  very 

complete  manner. 
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Fici.  50.— Amoeba  coli,  some  of  which  show  miclei  and 
vacuoles.  The  clear  parts  of  the  protoplasm 
correspond  to  tlie  broad  pseudopodia  (alter  Losch). 
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B.  Sporozoa 

2.  Coccidium  Oviforme 

This  parasite  occurs  very  frequently  in  the  liver  of  the  rabbit,  but  has  only 
been  observed  in  a  few  cases  in  man. 

The  liver  contains  a  varying,  sometimes  very  large  number  of  whitish 
nodules,  from  the  size  of  a  split  pea  to  that  of  a  hazel-nut,  which  appear  under 
the  microscope  as  dilatations  of  the  bile  ducts  which  are  filled  with  granular 
masses.  In  the  older  nodules  the  walls  of  the  bile  ducts  are  often  chansfed 
into  cicatricial  tissue,  so  that  it  is  not  easy  to  recognise  that  they  are  bile 
ducts.  In  younger  nodules  (Fig.  51),  on  the  other  hand,  there  can  be  no 
doubt.  The  wall  of  the  dilated  bile  duct,  lined  with  cylindrical  epithelium, 
can  be  easily  distinguished  from  the  granular  coccidia-bearing  contents.  The 
small  nodules  may  be  recognised  as  small  cysts  of  the  bile  ducts  filled  with 
very  firm  contents. 

When    the   cylindrical   epithelium   of   the   wall   of    the   cysts   is   carefully 


Fig.  51.— Wall  of  a  coccidiiun  cyst  in  the  rabbit's  liver.    Alum  cariiiine,  Canada  balsam,  xl30. 

examined,  small  rounded  protoplasm -like  bodies  of  very  various  sizes  can  be 
seen  within  the  cells.  The  smallest  are  from  3  to  4  /x  in  diameter,  and,  apart 
from  the  protoplasm  of  the  cylindrical  cell  which  surrounds  them,  they  have 
no  investing  membrane.  On  the  other  hand,  the  largest  parasites  may  measure 
as  much  as  26  /x  in  diameter  (Fig.  52,  a).  These  show  indications  of  a  cuticular 
envelope.  The  epithelial  cell  which  contains  them  can  be  seen  only  indistinctly, 
if,  as  often  happens,  it  is  detached  along  with  its  contained  parasite  from  the 
basement  membrane  and  lies  free  in  the  interior  of  the  cyst. 

In  the  above -described  stages  of  development  a  round,  vesicular  structure 
can  generally  be  seen  in  the  protoplasm  of  the  body  of  the  coccidia.  It  is 
doubtful,  however,  if  this  is  a  nucleus.  The  further  stages  of  development 
take  place,  not  within  the  epithelial  cells,  but  when  the  coccidia  become  free 
in  the  cyst  cavity.  Here  there  are  very  numerous  structures  resembling  the 
largest  coccidia  of  Fig.  52,  a.  These  may  be  also  recognised  in  Fig.  51. 
Coccidia  with  a  nucleus-like  spot  and  two  cuticular  membranes  are  also  met 
with  in  lai'ge  numbers  (Fig.  52,  c).  The  body  of  the  encapsuled  animal  has 
secreted  a  second  cuticular  membrane.     The  outer,  first-formed  capsule  is  then 
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lost,  and   within  the  other  the  body  shrinks   to  a  smaller  volume.     It  then 
appears  as  a  relatively  small  sphere  within  the  wide  capsule  (Fig.  52,  d). 

Further  stages  of  development  cannot  be  made  out  within  the  liver.     These, 
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Fig.  52.— «,  Wall  of  dilated  bile  duct  formed  of  cylindrical  epitlieliura.  Four  young  coccidia  in  various  stages 
of  development  in  the  cyliadrical  cells  ;  l\  a  detached  epithelial  cell  within  the  ca\'ity  of  the  cyst,  with 
young  coccidia  ;  c,  il,  encapsuled  coccidia  in  two  stages  of  development,    x  760. 

as  Kaufmann  showed,  only  begin  when  the  coccidia  have  been  allowed  to  stand 
in  a  moist  environment  or  in  water,  for  some  weeks  at  ordinary  room-tempera- 
ture, or  lor  twenty-four  hours  at  37'  C.  Then  the  contracted  spherical  mass 
of  the  contents  of  the  capsule  divides  into  four  parts  of  equal  size  (Fig.  53,  a), 
called  psorosperms  or  spores.     Each  spore  becomes  subsequently  invested  by 

a  delicate  cuticular  membrane  and  develops  in  its 
interior  a  sickle-shaped  rod,  with  a  nodular  thicken- 
ing at  either  end. 

These  observations  show  that,  for  the  further 
development  of  coccidium  oviforme,  the  capsules 
containing  the  spores  must  become  free,  so  that  a 
change  of  hosts  is  necessary.  It  is  presumed  that 
infection  follows  through  the  rod-containing  capsules, 
which  have  undergone  development  when  free,  being 
swallowed  by  other  animals  (rabbits)  or  man. 
The  individual  rod -shaped  bodies  are  presumably 
set  free  by  the  digestion  of  the  cuticular  mem- 
brane within  the  stomach  or  intestine.  They  then  wander  as  unencapsuled 
protoplasmic  embryos  into  the  epithelial  cells  of  the  intestine  and  the  bile  ducts, 
where  they  undergo  further  development  as  above  described. 


Fig.    53. — Coccidium    oviforme  de 
velopment  of  spores,  x  760. 
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3.  Coccidium  Perforans 

In  dogs,  cats,  rabbits,  mice,  and  sometimes  also  in  man,  a  coccidium  is  found 
which  closely  resembles  the  coccidium  oviforme  in  most  points,  but  is  dis- 
tinguished by  its  smaller  size.  When  mature,  it  measures  24  /x  in  length  and 
12  to  13  jtt  in  breadth,  and  is  therefore  considerably  smaller  than  the  first- 
mentioned  form.  As  the  coccidium  perforans  is  never  found  along  with  the 
larger  form,  it  seems  justifiable  to  regard  it,  as  Leuckart  has  done,  as  a  separate 
species.  There  is  also  a  further  difterence  to  which  attention  was  drawn  by 
Eimer  in  an  exhaustive  work  on  this  parasite.  Coccidium  perforans  passes 
through  all  the  stages  of  its  division  in  the  intestine  (Fig.  54).  The  contents 
of  the  coccidium  capsule  divide  by  segmentation  into  oval  or  round  spores, 
which  escape  from  the  shell,  and  may  be  found  in  the  intestinal  mucus.  It 
is  presumed  that  the  embryos  which  have  been  set  free  in  this  manner  again 
enter  epithelial  cells  and  grow  into  new  coccidia  capsules.  If  these  observations 
are  confirmed,  its  difi"erence  in  size,  as  well  as  the  fact  that  an  alternation  of 
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Fio.  54. — Coccidia  from  tlie  intestine  of  the  mouse,  probably  identical  with  coccidium  perforans.    Intra-  and 

extra-cellular  development  (after  Eimer). 

hosts  is  not  necessary  for  the  further  development  and  multiplication  of  this 
parasite,  as  is  certainly  true  in  the  case  of  coccidium  oviforme,  must  be 
regarded  as  essential  points  of  distinction  from  the  latter.  The  mode  of 
formation  of  psorosperms  also  shows  some  differences.  The  contents  of  the 
coccidium  capsule  become  transformed  into  a  sphere,  on  the  surface  of  which 
an  investing  membrane  is  formed.  The  then  sphei^e  becomes  broken  up  into 
rounded  divisions  which  subsequently  become  sickle -shaped  and  ultimately 
rod-like.  After  being  set  free  the  latter  enter  the  epithelial  cells  of  the 
intestine  in  an  embryonic  state,  increase  in  size,  and  again,  by  formation  of  a 
capsule,  change  into  mature  coccidia. 
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4.  Coccidium  Mollusci 

Bateman  in  1817,  under  the  name  molluscum  contagiosum,  described  a 
disease  of  the  skin  that  had  been  previously  mentioned  by  Willan,  which 
appeared   in    the   form   of   small,    soft   nodules,   moUusca,  and   was  eminently 
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contagious.  Its  contagious  character  is  frequently  shown  by  infection  among 
members  of  families,  of  the  infant  from  its  nurse,  and  by  the  occurrence  of 
small  epidemics  in  hospital  wards  after  the  admission  of  a  patient  affected 
with  the  disease. 

The  nodules  may  occur  in  every  region  of  the  surface  of  the  skin ;  they 
are  most  frequently  met  with  on  the  trunk  and  particularly  on  the  back, 
often  also  near  the  external  openings  of  the  urethra  or  vagina.  They  are 
mostly  multiple,  and  sometimes  occur  in  great  numbers. 

The  individual  nodules  begin  as  flat,  plate-  or  cup-like  elevations  of  the 
skin,  due  to  an  active  proliferation  of  the  rete  Malpighi  (Fig.  55,  a).  The 
opinion  which  had  been  frequently  expressed  that  molluscum  nodules  arise  from 
dilated  cutaneous  glands  or  hair  follicles,  has  been  shown  by  the  investigations 
of  Eetzins,  Bollinger,  Lukorasky,  and  Neisser  to  be  no  longer  tenable,  even  if 
a  hair  is  sometimes  found  to  penetrate  a  nodule.     In  process  of  growth  the 

molluscum  nodule  becomes  a  spheri- 
cal elevation  (Fig.  55,  h)  above  the 
skin,  and  may  even  be  pediculated. 
A  caseous  mass,  composed  of  the 
proliferated  cells  of  the  rete  Malpighi 
which  contain  the  parasites,  can  be 
expressed  from  the  tumours. 

Under  higher  powers  of  the 
nucroscope  the  deepest  layers  of  the 
rete  Malpighi,  free  from  pathological 
changes,  may  be  seen  at  the  bottom 
of  the  epithelial  depressions  Avhich 
are  formed  in  the  molluscum  nodule. 
It  is  only  in  the  third  or  fourth 
rows  of  the  cells  of  the  rete  that 
the  so-called  molluscum  bodies  (Vir- 
chow,  Bollinger,  Lukomsky,  Neis- 
ser), which  were  first  recognised  by 
Bollinger  as  coccidia,  begin  to 
appear.  Notwithstanding  the  fact 
that  Bollinger's  discovery  has  been 
confirmed  by  Neisser,  it  has  been 
called  in  question  by  others,  and  Lukomsky  has  even  explained  the  molluscum 
bodies  as  wandering  cells  that  had  penetrated  the  nodule — a  view  which  is 
difficult  to  understand.  It  is  true  that  the  developmental  history  of  the  parasite 
is  not  yet  fully  made  out ;  but,  on  the  other  hand,  every  other  explanation  seems 
to  be  altogether  excluded.  One  must,  of  course,  admit  that  a  parasite  Avhich  is 
found  in  the  superficial  layers  of  proliferated  epithelium  is  not  necessarily  also 
the  cause  of  the  disease,  but  its  constant  occurrence  certainly  argues  for  its 
pathogenic  importance. 

In  the  third  or  fourth  row  of  cells  of  the  proliferated  rete  Malpighi,  counting 
from  the  limit  of  the  connective  tissue  layer  of  the  corium,  the  first  parasitic 
infiltrations  are  found.  Here  some  of  the  cells  of  the  rete  contain  a  roundish 
granular,  cellular  structure,  sometimes  several  of  these.  These  invading  bodies 
increase  rapidly  in  size  and  compress  the  cell  nucleus  into  the  form  of  a 
crescent.  They  then  become  coarsely  granular,  and  eventually  are  transformed 
into  shining,  homogeneous,  oval  structures,  the  molluscum  bodies,  which  are 
situated  in  the  superficial  layers  of  the  rete  Malpighi.     The  details  of  the 


Fig.  55. 


-Large  and  small  molluscum  contagiosum  of  the 
skin  (after  Lukomsky),  x  25. 
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development  of  this  parasite  await  further  investigation.  This  will  also  show 
if  the  development  requires  a  change  of  host  or  not,  and  if  the  transmission 
from  individual  to  individual  takes  place  directly  or  only  after  passing  through 
an  intermediate  stage. 
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5.  Coccidia  in  Carcinoma 

Carcinomata  are  malignant  tumours  which  arise  from  unrestricted  growth 
of  epithelial  cells  into  adjacent  non-epithelial  tissue.  In  many  cases  clinical 
and  histological  investigations  show  that  a  stage  of  local  irritation  of  the  tissue 
by  external  agencies  precedes  the  development  of  carcinoma.  Sometimes  the 
external  agencies  appear  to  be  of  a  mechanical  nature,  such  as  a  complicated 
wound,  which  may  open  the  way  for  infection.  In  other  cases  the  infectious 
character  of  the  external  agencies  is  more  clearly  indicated  from  the  beginning. 
Accordingly,  an  earnest  endeavour  has  for  a  long  time  been  made  to  find  the 
infective  agent  in  carcinomatous  foci,  in  the  hope  of  gradually  explaining  the 
etiology  of  the  disease  in  this  way.  Scheuerlen  and  others  have  demonstrated 
the  presence  of  various  schizomycetes  in  carcinomata,  but  only  under  conditions 
"which  show  that  these  microbes  are  accidental  and  secondary.  More  recently 
papers  have  accumulated  about  the  presence  in  carcinomata  of  parasites  re- 
sembling coccidia.  The  micro-organisms  were,  as  it  subsequently  turned  out, 
first  discovered  by  Malassez  and  by  myself  entirely  independently  of  each  other, 
although  I  had  believed  myself  to  be  the  first  to  observe  it.  The  observations 
of  ]\Ialassez  Avere  first  published  indirectly  in  an  article  by  Darier  on  the 
occurrence  of  coccidia- like  structures  in  a  peculiar  disease  of  the  skin,  Paget's 
eczema  of  the  nipple.  Shortly  thereafter  I  had  made  my  first  communication 
on  the  parasite -like  structures  in  carcinoma,  before  Darier's  article  and  the 
discussion  in  reference  to  it  had  reached  me.  Then,  in  the  next  year,  followed 
the  first  exhaustive  account  of  Paget's  disease  by  Wickham,  as  well  as  the 
communications  of  Malassez,  Nils  Sjobring,  Siegenbeck  van  Heukelom,  Eamsay 
Wright,  Russel,  Pfeiffer,  and  others  on  protozoa  in  carcinomata. 

In  spite  of  all  these  investigations  the  question  still  remains  one  of  great 
difficulty,  since  at  present  there  are  no  methods  capable  of  demonstrating  with 
perfect  certainty  the  parasitic  nature  of  the  peculiar  structures  in  the  epithelium 
of  carcinoma.  In  the  first  place,  further  investigations  must  be  undertaken  ; 
thereafter,  should  the  parasitic  character  of  the  supposed  coccidia  be  successfully 
demonstrated,  it  will  be  no  easy  matter  to  establish  its  relation  to  the  un- 
doubtedly very  complex  etiology  of  carcinoma. 

In  view  of  the  great  importance  of  these  discoveries  and  observations  they 
cannot  be  simply  passed  by.  It  seems,  however,  possible  to  give  a  short  and 
concise  account,  by  the  aid  of  a  figure,  of  those  epithelial  enclosures  that,  in 
my  opinion,  have  the  greatest  right  to  be  regarded  as  parasitic. 

Fig.  56  shows,  above,  the  cylindrical  epithelial  cells  of  a  carcinoma  of  the 
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large  intestine  along  with  the  upper  layers  of  the  adjacent  connective  tissue, 
magnified  910  times.  One  of  the  epithelial  cells  contains  a  wandering  cell 
with  two  nuclei.  In  addition  to  nine  nuclei  of  the  cylindrical  epithelium,  the 
epithelial  layer  further  presents  three  small  rounded  bodies  Avhich  are  to  be 
regarded  neither  as  degenerating  wandering  cells  nor  as  accessory  nuclei,  but 

may  possibly  represent  parasitic 
enclosures.  These  and  similar  struc- 
tures are  represented  at  a  and  h, 
magnified  1500  times,  their  diameter 
measuring  4  to  6  /x.  Further,  other 
larger  invading  bodies,  with  a 
diameter  of  10  to  15  /x,  appear 
in  the  cells  of  carcinomata  (Fig,  56, 
e,  X  540). 

I  have  also  seen  similar  struc- 
tures in  the  cylindrical  proliferating 
epithelium  of  the  uterine  glands, 
in  chronic  catarrhs  associated  with 


thickening    of    the    mucous    mem- 
branes (Fig.  56,  c,  d,    X  1500).     In 
my  opinion  there  is  no  doubt  that 
this    proliferation    of    the    mucous 
membrane  of  the  uterus  is  related 
to   carcinoma   of    the  uterus,   inas- 
much as  many  carcinomata  of  the 
uterus  arise  from  such  proliferations 
of    the   mucous    membranes.      The 
latter   are   certainly   very    common 
compared  with  carcinoma,  so  that,  of  course,  one  must  not  assume  that  every 
uterine   catarrh,  associated  with   thickening  of  the  mucous  membrane,  leads 
to  carcinoma  ;   yet  in  many  cases  this  actually  seems  to  happen. 

The  significance  of  these  bodies,  which,  in  many  respects,  resemble  coccidia, 
is,  however,  far  from  being  completely  explained.  I  am  inclined,  however,  to 
maintain  that  they  are  of  a  parasitic  nature. 


My 


Fig.  56. — A  wandering  cell  and  several  others,  apparently 
parasitic,  contained  in  the  epithelium  of  a  cylindrical 
carcinoma  of  the  large  intestine,  and  from  an  adeno- 
matous growth  in  the  mucous  membrane  of  the 
uterus. 
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6.  Plasmodium  Malarise 


The  researches  of  Laveran,  Marchiafava  and  Celli,  Golgi,  Canalis,  and  others 
have  demonstrated  in  the  blood  of  persons  suftering  from  malaria,  micro- 
organisms whose  development  stands  in  close  relation  of  time  to  the  attacks  of 
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malarial  fever.  They  can  be  easily  found  in  the  fresh  blood,  sometimes  free, 
sometimes  within  the  red  corpuscles.  They  can  be  more  easily  demonstrated 
in  dried  cover-glass  preparations  which  have  been  stained  Avith  a  mixture  of 
one  volume  of  saturated  aqueous  solution  of  methylene  blue,  and  two  volumes  of 
a  1  per  cent  aqueous  solution  of  eosin  (a  slight  modification  by  Eomanowsky 
of  Plehn's  method). 

Before  staining,  the  thin  films  of  blood  whicli  have  been  spread  on  the  cover-glass  and 
dried,  should  be  heated  for  a  few  minutes  to  135°  or  140°  C.  The  preparations  remain  from  one 
half  to  three  hours  in  the  above  solution,  which  should  not  be  filtered  after  being  mixed.  They 
are  then  washed  with  water,  dried,  and  mounted  in  Canada  balsam. 

The  results  of  this  staining  are  shown  on  Plate  IV.,  Fig./,  Nrs.  1  to  14 
(the  red  eosin  staining  of  the  red  blood  corpuscles  being  reproduced  in  gray). 
No.  1  shows  four  free,  very  small  plasmodia,  which,  either  singly  (No.  2),  or 
in  greater  numbers  (No.  3),  enter  red  corpuscles.  Within  these  they  gradually 
increase  in  size,  absorb  the  haemoglobin,  and  cause  the  separation  of  a  finely 
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Fio.  5". — Malaria  plasmodia.     A,  t'rom  tertian  ague  (alter  Golgi) ;  7j,  I'l-niu  quartan  ague  (after  Golgi)  ;  f,  from 

irregular  febrile  attacks  (after  Canalis). 


granular  black  pigment  (Nos.  4  to  10).  Then  follows  a  multiplication  of  the 
nucleus  of  the  cell,  till  the  organism  is  divided  up  into  the  form  of  a  rosette. 
A  small  part  of  the  protoplasm  remains  along  with  the  black  melanin  mole- 
cules, while  the  segments  of  the  rosette  are  set  free  in  the  blood,  and  form  a 
new  generation  of  young  plasmodia  (No.  1). 

Golgi  has  more  completely  explained  the  relations  of  the  plasmodia  to  the 
various  forms  of  malaria. 

In  the  tertian  fmin  of  ague  a  day  during  Avhich  the  temperature  is  normal 
follows  each  day  of  fever.  In  accordance  with  this  the  parasite  of  tertian  ague 
passes  through  the  developmental  cycle  in  two  days  (Fig.  57,  A).  The  com- 
mencement of  the  pyrexia  coincides  with  the  completion  and  segmentation  of 
the  rosette  figures.  During  the  interval  when  the  temperature  is  normal,  onlj^ 
the  growing  plasmodia  are  found  in  the  blood  corpuscles,  in  which  they  show 
active  changes  of  form  and  very  rapidly  destroy  the  haemoglobin.  The  melanin 
granules  which  are  produced  are  very  fine,  and  the  rosettes  divide  into  fifteen 
or  twenty  plasmodia. 

In  many  patients  two  generations  of  such  plasmodia  are  found  in  the  blood 
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and  have  their  stage  of  maturity  on  alternate  days.  This  corresponds  with 
daily  attacks  of  fever  (quotidian  or  double  tertian  ague). 

In  qnartan  ague  two  days  of  normal  temperature  follow  each  day  of  fever. 
According  to  the  researches  of  Golgi,  the  plasmodium  corresponding  to  this 
form  requires  three  days  for  its  development.  It  is  distinguished  hy  less  active 
amoeboid  movements,  by  slower  absoq^tion  of  the  haemoglobin,  by  the  coarser 
character  of  the  melanin  granules,  and  by  the  segmentation  of  the  rosette  into 
from  six  to  twelve  parts  (Fig.  57,  B).  The  simultaneous  development  within 
the  blood  of  various  generations  differing  in  age  may  produce  double  quartan 
(two  days  of  fever  after  one  day  of  normal  temperature),  or  triple  quartan  (with 
daily  attacks  of  fever). 

Canalis  has  further  described,  in  irregular  forms  of  malaria,  a  plasmodium 
which  seems  to  correspond  to  the  crescent-shaped  bodies  of  Laveran  and  some- 
times also  shows  flagella  (Fig.  57,  C). 

Malaria  has  the  widest  geographical  distribution  of  all  the  infective  diseases. 
It  has  its  numberless  victims  in  the  tropics  and  even  invades  the  temperate 
zones.  Observations  show  that  the  disease  is  no  strict  unity,  but  that  it  is 
manifestly  caused  by  various  species  of  plasmodia.  It  appears,  therefore,  to  be 
of  some  interest  to  mention  here  that  similar  and  related  parasites  have  also 
been  observed  in  the  blood  of  mammals,  birds,  reptiles,  and  fishes. 
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C.   Infusoria 

7.  Cercomonas  Intestinalis 

This  parasite  is  distinguished  by  a  pear-shaped  body  which  at  its  narrow 
pole   has   a   stiff   caudal    thread,   and   at   its   blunt  pole 
bears  a  long  whip-like  vibratile  flagellum.     It  is  found 
v^  ^.g^y  occasionally  in  the  contents  of  the  alimentary  canal  and 

^^-'v^^  in  the  dejecta  in  acute  and  chronic  intestinal  catarrh  in 

'^^y^'-^J^^  children  and  adults ;  it  has  also  been  found  in  the  dis- 

charires  in  ty])hoid  and  in  cholera.     Lambl  demonstrated 

Fig.  5S. — Cercomonas  intes-       .         °.,-^,.  .  ,  .         ,  -ii  t         i 

tinaiis  (after  Davaine).        it  ouce  in  the  liver  ot  a  gardener,  in  the  neighbourhood 

of  a  large  echinococcus  cyst.  It  appears  from  these  ob- 
servations that  no  specific  pathogenic  importance  can  be  ascribed  to  the  cerco- 
monas.    Its  length  according  to  Davaine  is  8  to  1 2  yii. 
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8.  Trichomonas  Vaginalis  et  Intestinalis 

Donne  and  Kolliker  found  in  vaginal  mucus  a  pear-shaped  parasite  with  a 
sharply  pointed  pole,  and  a  body  length 
of  about  10  /A.  The  blunt  end  of  the 
body  bore  several  (1  to  3)  long  thread- 
like flagella,  while  on  the  body  itself  a 
long  wavy  ridge  was  developed  which 
ran  out  into  six  or  seven  hairs.  The 
body  parenchyma  was  colourless  and 
contained  "vv'ithin  it  some  fine  granules. 

A  similar  parasite,  devoid,  how- 
ever, of  flagella,  Avas  described  by 
Marchand  and  Zunker  in  various 
kinds  of  severe  intestinal  diseases. 
It  was  termed  trichomonas  intestinalis  by  Leuckart, 


Fig.  59.— «,  Trichomonas  vaginalis  (after  Kolliker) ;  6, 
trichomonas  intestinalis  (after  Marchand). 
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9.  Paramsecium  or  Balantidium  Coll 

The  egg-shaped  body  of  this  parasite  measures  0-07  to  0*1  mm.  in  length 
by  O'Oo  to  0'07  mm.  in  breadth.  Its  whole  surface  is 
closely  covered  with  cilia,  and  at  one  pole  it  shows  a 
mouth-like  depression,  while  an  anal  opening  cannot  be 
definitely  made  out.  Within  it  is  found  a  nucleus  and 
one  or  two  contractile  vacuoles  with  clear  contents. 
Multiplication  takes  place  by  division  of  the  whole 
animal. 

Malmsten  was  the  first  to  observe  the  parasite  in 
the  motions  of  a  case  of  typhoid ;  then  Leuckart  drew 
attention  to  the  fact  that  it  also  occurred  in  the  contents 
of  the  intestine  of  the  pig.  It  appears,  however,  to 
have  no  great  pathological  importance. 


Fio.  60. — Balantidium  coli 
(after  Leuckart). 
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IV.  Vermes 


A.  Cestoda  (Tapeworms) 

1.  Taenia  Solium 

Tfenia  solium  belongs  to  the  order  of  the  Cestoda  or  Tapeworms.  It 
inhabits  the  small  intestine  of  man  as  a  strohila,  composed  of  numerous 
individuals,  united  to  each  other  and  forming  a  flat,  tape-like  chain  of  about 
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two  to  three  and  a  half  yards  in  length.     In  the  chain  may  be  distinguished:  (1) 
a  first  or  most  anterior  segment,  called  a  scolex,  Avhich  is  asexual;  and  (2)  the 


Fio.   61.  —  Scolex     of 
tsenia  solium,  x20. 


Fig.  62. — Tfenia  solium.    Scolex  and  proglottides. 
Natural  size. 


remaining  segments,  or  proglottides,  which  spring  from  the  first  segment  and 
develop  both  male  and  female  sexual  organs. 

The  !<colex  bears  on  its  anterior  extremity  four  sucking  discs  and  a 
proboscis -like  projection,  the  rostelhrn,  on  Avhich  there  is 
a  circle  of  from  twenty-two  to  thirty-two  booklets.  The 
irregularly  rounded  thickening  of  the  anterior  extremity  of 
the  scolex,  formed  as  above  described,  is  about  as  large  as  the 
head  of  a  pin.  Behind  this  swelling,  the  scolex,  which  is 
about  5  to  10  mm.  (4  to  f  of  an  inch)  long,  becomes  thinner 
and  shows  at  its  hinder  part  a  transverse  annulation.  This 
transverse  annulation  is  the  first  indication  of  the  commenc- 
ing segmentation  which  leads  to  the  formation  of  the 
proglottides.  As  the  transverse  rings  become  broader,  the 
segments  become  increasingly  distinct  and  so  develop  into 
proglottides. 

The  most  anteriorly  situated  proglottides,  i.e.  those 
which  follow  immediately  on  the  scolex,  are  small,  but  even 
they  are  flattened  in  one  direction.  As  the  scolex  continu- 
ally gives  ofi"  new  proglottides,  those  first  formed  are 
removed  further  along  the  chain. 

As  they  increase  in  size  they  gradually  develop  their 
sexual  organs,  and  in  them  the  ova.  The  proglottides  which 
contain  mature  ova  are  termed  mature  segments.  These 
become  gradually  throAvn  off  and  evacuated  with  the  de- 
jections. 

The   number  of   proglottides   varies   in    different   chains 
"^  criottides  oniEnia     from  800   to  900.      The   sexual   organs   are   formed  about 
solium,  seen  by     the  four  hundred  and  fiftieth  segment.     The  last  hundred 
transmitted  light,     segments  of  the  chaiu  show  more  or  less  complete  maturity. 
branciiinc  of  the  The   mature  proglottides  form  Avhitish,  flattened,    tongue- 

uterus   and   the     shaped  Structures,  10  to  12  mm.  in  length  and  5  to  6  mm. 
genital     papilla;     -^^  breadth  (Fig.   63).     In  these  the  most  striking  features 
are    the   branchings    of    the    uterus,    which    are    recognised 
by   the  numerous    mature    ova,   and    produce,   by   reflected    light,  whitish    or 
brownish-yellow,   and,   by  transmitted  light,  dark  or  black  markings.       The 
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vierm  consists  of  a  mesially  situated  stem,  from  which  seven  to  ten  lateral 
branches  arise  on  both  sides,  and  again  divide  repeatedly.  Further,  on 
one  lateral  margin  of  the  proglottides  a  small  conical  projection  may  be  seen  on 
which  the  genital  canals  open.  These  genital  papillae  generally  show  an  irregular 
alternation  from  one  side  to  the  other  of  the  successive  proglottides  of  a  tape- 
worm. Malformations  of  individual  segments  may  be  very  frequently  observed. 
The  proglottides  as  well  as  the  scolex  consists  of  a  soft,  nucleated  body 
parenchyma,  which  is  covered  by  a  cuticle  and  contains  numerous  circular, 
longitudinal,  and  transverse,  unstriped  muscle  fibres. 
Further,  a  number  of  very  small  calcareous  concretions, 
the  calcareous  bodies,  a  water-  vascular  system,  and  the 
sexual  organs  are  situated  in  the  body  parenchyma. 
The  animals  are  true  hermaphrodites,  since  each  indivi- 
dual proglottis   contains  both   male   and  female  sexual 
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The  male  genital  apparatus  consists  of  a  large  number 
of  testicular  vesicles  which  are  connected  with  the  vas 
deferens  by  means  of  fine  canals.  The  vas  deferens 
opens  into  the  cirrhus  sac,  within  which  it  is  continued 
as  the  penis  or  cirrhus.  This  may  be  projected  by  a 
contraction  of  the  sac  and  introduced  into  the  vaginal 
aperture. 

The  female  (/enital  apparatus  opens  along  with  the 
male  into  the  cloaca  which  is  situated  in  the  genital 
papilla.  It  consists  of  a  vagina,  receptaculum  seminis,  ovary, 
yolk  sac,  shell  gland,  and  uterus. 

The  eggs  are  oval.  After  removal  of  the  readily 
separable  shell,  the  embryo,  which  is  provided  with  six 
hooks,  remains  surrounded  with  a  calcified  embryo  shell. 
This  is  spherical  and  measures  0*03  mm.  in  diameter. 

It  is  the  exception  to  find  more  than  one  taenia 
solium  in  the  human  small  intestine.  In  some  cases,  how- 
ever, as  many  as  from  thirty  to  forty  have  been  observed. 

The  scolex  is,  as  a  rule,  attached  to  the  upper  part 
of  the  jejunum  or  even  to  the  duodenum.  From  there 
the  worm  extends  far  downwards  along  the  bowel.  Its 
extremity  may  nearly  reach  the  ileo-cajcal  valve,  where 
not  infrequently  free  proglottides,  which  have  become 
separated  from  the  rest  of  the  chain,  are  found.  Taenia 
solium  frequently  causes  considerable  irritation  of  the 
wall  of  the  bowel,  colicky  pains,  and  even  reflex  nervous 
disturbances. 

The  further  development  of  this  parasite  requires  a 
change  of  host.  The  mature  proglottides  escape  externally  Avitli  the  faeces. 
Then  the  eggs  which  they  contain,  as  has  been  demonstrated  by  Kiichen- 
meister,  are  developed  mostly  in  the  pig,  more  rarely  in  other  mammals,  such 
as  the  deer,  sheep,  dog,  man.  It  has  been  shown  by  experiment  that  the  pro- 
glottides are  digested  in  the  stomach  of  the  pig.  In  this  way  the  eggs  and 
embryos  are  set  free,  and  the  latter  pass  through  the  walls  of  the  stomach 
and  intestine  into  the  most  various  organs,  especially  into  the  muscles,  in 
the  interstitial  tissue  of  which  they  are  transformed  into  bladdei'-like  parasites 
(measles).     These  are  termed  cysticercus  cellulosce. 


Fig.  (34. — Tiausver.se  section 
of  an  immature  proglottis 
of  tfenia  mediocanellata. 
<(,  Circular ;  &,  longitu- 
tlinal;  c,  transverse 
muscle  fibres  whicli  ap- 
pear, owing  to  the  slight 
enlargement,  as  simple 
strife  and  points  ;  d,  the 
two  longitudinal  channels 
of  the  water  -  vascular 
system.  The  other  dark 
masses  seen  divided  trans- 
versely belong  to  the 
genital  apparatus,  x  15. 
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Cysticercus  cellulosaj  appears  as  a  translucent  vesicle  of  a  rounded  or  oval 
form,  filled  with  a  clear  watery  fluid.  The  diameter  of  this  vesicle,  when  fully 
developed,  varies  between  8  and  12  mm.  (or  about  |  to  h  inch). 

The  vesicle  consists  of  an  outer  cuticular  and  an  inner  parenchyma  layer. 
The  latter,  as  in  the  tapeworm,  contains  numerous  small  calcareous  concretions, 
the  so-called  calcareous  bodies,  and  a  water-vascular  system.  The  vesicle,  at 
one  point  in  its  wall,  develops  a  scolex,  which  is  at  first  invaginated  into  the 
cavity  of  the  vesicle,  but  may  subsequently  be  everted  and  then  show  complete 
agreement  with  the  scolex  of  the  trenia  solium. 

The  cysticercus  does  not  undergo  further  development  until  it  again 
changes  its  host.  If  a  tissue  containing  the  cysticerci  reaches  the  stomach  of 
man  or  other  suitable  animal,  the  vesicle  will  be  thrown  off"  either  in  the 
stomach  or  intestine  of  the  new  host,  the  scolex  is  set  free  and  becomes  firmly 
attached  to  the  upper  part  of  the  small  intestine,  and  by  segmentation  of 
its  hinder  extremity  develops  the  chain  of  proglottides. 

As  a  rule,  it  is  the  use  of  uncooked  measly  pork  (pork  containing  the 
cysticerci)  which  gives  rise  to  the  development  of  the  taenia  solium  in  man. 

The  cysticercus  cellulosaj  is,  however,  also  some- 
,.(,       .-';,  ^,^—^,,  times    observed    in    man,   especially    among    the 

;  :  '  /'       insane  with  dirty  habits.     Under  such  conditions 

taenia?   may   be   introduced   unobserved   into  the 
mouth  by  the  fingers.      Only  a  few  cysticerci  may 
/  be  found  on.  post-mortem  examination  in  such  cases. 

•    -  '   .  I  On  the  other  hand,  in  certain  insane  cases,  the 

f  \i  history  suggests  that  the  patients  have  introduced 

L  I  into  their  mouths  proglottides  which  they  have 

:  '  passed  per   anum.       This   will   correspond   with 

the  fact  that,  in  such  cases,  the  cysticerci  are  found 
in  extraordinarily  large  numbers  in  all  the  organs 
of  the  human  body.      In   the  brain,   in   certain 
Fig.  05.— Cysticercus  ceiiuiosai  m  the     c^ses,  the  cysticcrcus  racemosus  is  also  observed, 

biceps  muscle  of  the  human  arm.       -  ,  i  r  •   i  •  i  -        •  i 

Reduced  7: 10.  ^^    ^^16    shape  01    vesiclcs  With    projections    and 

branchings  like  a  bunch  of  grapes.  These  com- 
paratively rarely  contain  scolices.  The  clustered  and  branched  form  of  these 
cysticerci  seems  to  be  brought  about  by  the  compression  which  they  undergo, 
especially  at  the  base  of  the  brain,  from  the  nerves,  blood-vessels,  and  connective 
tissue  fibres  in  the  leptomeninges. 

In  man,  in  addition  to  the  muscles  and  the  brain,  the  eye  and  the  heart  are 
relatively  common  sites  for  the  parasite.  It  is  generally  surrounded  by  a 
connective  tissue  capsule,  but  may  occur  as  a  freely  movable  body  in  the 
subdural  space  and  in  the  ventricles  of  the  brain,  in  the  serous  cavities,  and  in 
the  vitreous  humour  of  the  eyes.  (In  the  last-mentioned  situation,  in  a  case 
observed  by  Westphalen  and  myself,  it  had  produced  an  extensive  formation  of 
connective  tissue  which,  before  the  enucleation  of  the  eye,  had  led  to  the 
diagnosis  of  a  malignant  tumour.) 
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2.  Taenia  Mediocanellata  (Kuclienmeister),  sivc  Saginata  (Goeze) 

This  is  distinguished  from  ttenia  solium  principally  by  the  greater  size  of 
the  chain  as  well  as  of  the  individual  segments.  The  strobila  attains  a  length 
of  four  to  eight  yards  with  from  1200  to  1300  proglottides.  The  sexual  organs 
become  mature  somewhere  about  the  600th  segment,  the  ova  somewhere 
between  the  900th  and  the  1000th  segment.  Thus  there  would  be  from  lOO 
to  200  mature  proglottides  in  the  chain.  Proglottides  Avhich  have  escaped 
spontaneously  or  along  with  the  fieces  have,  for  the  most  part,  shed  their  ova. 
The  ova  are  more  rounded  in  form,  their  shells  remain  longer  hi  situ,  than 
those  of  tsenia  solium.  The  shell  of  the  embryo  is  oval  in  form,  striated 
radially,  and  approximately  0'03  mm.  in  diameter.      The  form  of  the  scolex 


Fio.  06. — Scolex  of  tiuiiia 
mediocanellata,  x  15. 


Fig.  67. — Tfenia  mediocanelluta,  mature  segment 
showing  the  branchings  of  the  uterus,  x5. 


and  the  nature  of  the  branchings  of  the  uterus  distinguish  this  parasite  from 
tienia  solium. 

The  head  of  the  scolex  is  flattened  at  the  top,  and  provided  with  four 
sucking  discs.  Instead  of  the  rostellum  there  is  a  deep  flattened  groove.  The 
ring  of  booklets  is  either  entirely  absent,  or  there  are  only  a  few  separate 
booklets  on  the  top  of  the  head.  The  head  is  about  2  mm.  in  diameter,  so 
that  it  is  therefore  somewhat  larger  than  that  of  the  taenia  solium.  The 
mature  proglottides  also  are  relatively  large.  Their  uterus  when  full  of  eggs 
has  a  longitudinal  mesial  stem,  and  on  either  side  a  large  number,  from  twenty 
to  thirty,  of  lateral  twigs,  which  again  branch  repeatedly  (Fig.  67). 

The  structure  of  the  genital  apparatus  is  in  other  respects  similar  to  that 
of  the  taenia  solium.  As  in  the  latter,  the  genital  apparatus  opens  exter- 
nally in  marginally  situated  papillae  which  lie  somewhat  behind  the  middle  of 
the  length  of  the  proglottis.  They  contain  both  the  male  and  female  genital 
opening  in  a  common  cloaca. 

After  the  mature  ova  are  discharged,  which  frequently  happens  even  within 
the  human  intestine,  the  proglottis  diminishes  in  size.  Occasionally  it  is  even 
partially  digested,  the  proglottis  then  being  peculiarly  perforated. 
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The  cystic  form  of  the  tsenia  mediocanellata  develops  in  the  ox,  as 
Leuckart  has  shown  experimentally  by  feeding  with  ripe  proglottides.  Patho- 
logical experience  also  shows  that  the  eating  of  raw  beef  is  the  means  of 
infection.  As  a  rule,  the  number  of  bladder  worms  in  the  ox  is  very  small. 
They  appear  as  small  transparent  vesicles,  in  the  Avail  of  which  the  scolex  is 
developed.  The  latter  shows,  like  the  scolex  of  its  taenia,  four  sucking  discs, 
a  frontal  depression,  and  around  it  some  small  hooks.  When  the  scolex 
reaches  the  intestine  of  man,  it  forms  a  chain  of  proglottides,  and  the  booklets 
are  for  the  most  part  throAvn  off.  In  most  regions  the  trenia  mediocanellata 
occurs  more  frequently  than  the  tsenia  solium.  (In  the  neighbourhood  of 
Dorpat  the  reverse  is  the  case  ;  there  the  ttenia  solium  is  commoner  than  the 
tienia  mediocanellata  ;  both,  however,  are  rare.) 

3.  Taenia   Acanthotrias 

Up  to  the  present  only  the  C3'stic  form  of  this  parasite  is  known.  It 
resembles  the  cj^sticercus  cellulosa?,  and  like  it  is  found  in  the  muscles  and 
brain  of  man.  The  c3-sticercus  acanthotria?  has  a  scolex  which  has,  in 
addition  to  four  sucking  discs,  a  triple  circle  of  about  fourteen  to  sixteen 
booklets. 
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4.  Tsenia   Echinococcus 

The  echinococci  are  distinguished  from  the  already  described  ta^nise 
principally  by  the  fact  that  the  scolices  arise  in  brood  capsules  which  are 
formed  on  the  inner  wall  of  cysts.  The  cysts  themselves,  like  the  bladder 
worms,  are  frequently  of  considerable  size. 

The  tapeworm  stage  of  the  tienia  echinococcus  inhabits  the  alimentary 
canal  of  the  dog.  It  is,  however,  very  small,  so  that  its  whole  length  does  not 
exceed  5  mm.  (less  than  a  quarter  of  an  inch).  In  its  fully  developed  condition 
it  consists  of  three  or  four  seirments,  accordino;  as  the  last  one  is  thrown  off 
or  remains  in  connection  with  the  others.  This  hindmost  mature  segment  of 
the  taenia  echinococcus  is  longer  than  the  other  three  together  (Fig.  68). 
The  most  anterior  segment,  the  scolex,  carries  four  sucking  discs,  and  a 
rostellum  with  thirty  to  forty  booklets. 

In  man  only  the  cystic  form  of  the  echinococcus  is  found.  Its  develop- 
mental history  has  been  traced  principally  by  Leuckart,  mainly  by  experiments 
on  pigs.  After  feeding  vnth.  mature  proglottides  of  the  taenia  echinococcus 
a  number  of  transparent  A*esicles  are  developed  in  the  liver  and  in  other 
organs  of  the  pig,  which,  in  course  of  time,  grow  into  characteristic  echinococci. 
The  tsenia  echinococcus  of  the  dog  and  its  ova  are  undoubtedly  the  sources 
by  which  man  is  infected.  Corresponding  to  the  wide  distribution  of  the  dog 
as  a  domestic  animal,  the  human  echinococcus  disease  is  found  very  widely 
distributed  over  the  whole  earth,  but  it  is  only  in  Iceland,  where  man  and  dog 
are  very  closely  associated,  that  it  can  be  said  to  occur  frequently-.  It  occurs 
in  three  varieties  in  man. 

a.  Echinococcus  scolicijynriens,  also  called  echinococcus  gmnulosus  and  echino- 
coccus veterinorum,  forms  small  vesicles  from  a  pigeon's  egg  to  an  apple  in  size. 
It  lies  embedded  in  a  connective  tissue  capsule  furnished  by  the  organs  of  its 
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human  host,  which  consist  of  an  outer  cuticular  membrane,  characterised  by  its 
marked  lamination,  and  an  inner  finely  granular  parenchyma  layer  provided 
with  muscular  fibres.  The  contents  are  formed  by  a  clear  fluid  which  does 
not  coagulate  either  on  boiling  or  on  the  addition  of  acids  (Fig.  69). 

From  the  parenchyma  layer  small  brood  capsules  are  produced.       These 
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Fig.  68. — Mature  tania  echinococcus 
(after  Leuckart),  x  12. 


Fig.  CO. — Echinococcus  scoliciparieiis  in  the 
human  liver.     Reduced  by  one-third. 


appear  to  the  naked  eye  as  points.      They  project  into  the  interior  of  the 
vesicle,  but  remain  in  connection  with  the  parenchyma  layer. 

The  brood  capsules  are  filled  with  a  clear  fluid  and  have  on  their  inner 
surface  a  thin  cuticular  layer,  while  their  outer  surface  is  covered  with  a 
continuation  of  the  parenchyma  layer  of  the  mother  cyst.  In  course  of  time, 
a  large  number  of  scolices  develop  from  hollow  projecting  outgrowths  of 
these  brood   capsules,  and   subsequently  become  invaginated  into   the   brood 


Fig.  70.— Brood  capsules  of  echinococcus  scolicipariens  (with  fully  developed  scolices  and  hollow  rudimentar 
bodies)  connected  with  the  parenchyma  layer  of  the  mother  cyst  (after  Leuckart),  x  40. 


capsules.  The  scolices  are  then  about  0-3  mm.  in  length,  and  show  four 
sucking  discs,  a  circle  of  booklets,  and  a  rostellum. 

In  many  cases  also,  daughter  cysts  are  formed  between  the  layers  of  the 
cuticle  of  the  mother  cyst,  apparently  from  remains  of  the  parenchyma  layer. 
These  daughter  cysts  pass  outward  into  the  neighbourhood  of  the  mother  cyst. 

h.  Echinococcus  hydaiidosus  (or  E.  cdtriciimriens,  or  E.  hominis)  forms 
generally  very  large  mother  cysts,  which  include  numerous  daughter  cysts. 
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The  researches  of  Naunyn  have  shown  that  these  daughter  cysts  arise  from 
a  cystic  degeneration  of  the  scolices,  so  that  there  are  often  no  unaltered 
scolices  within  the  mother  cyst.     It  appears  also  that  brood  capsules  may  be 


Fig.  71. — Ecliinococcus  hydatidosus  in  the  liver.    One-third  natural  size. 

converted  into  daughter  cysts  by  becoming  detached  from  the  Avail  of  the 
mother  cyst,  losing  their  outer  parenchyma  layer,  and  forming  a  new  paren- 
chyma layer  on  the  inner  surface  of  the  cuticle.  The  number  of  daughter 
cysts  is  often  very  great.     They  may  reach  a  thousand  in  echinococcus  cysts 

which  are  larger  than  a  man's  head. 
In  other  cases  the  number  of  the 
daughter  cysts  is  small,  so  that  transi- 
tions between  this  and  the  previously 
mentioned  variety  are  easily  demon- 
strated. 

c.  Echinococcus  multilocularis.  This 
form  of  the  parasite  differs  very 
markedly  in  its  outward  appearance 
from  those  described  above — to  such 
an  extent,  indeed,  that  for  a  long  time 
it  was  looked  upon  as  a  malignant 
tumour,  an  alveolar  colloid  or  gelatin- 
ous carcinoma  (Fig.  72). 

Virchow  was  the  first  to  recognise 
the  parasitic  character  of  the  struc- 
ture in  question.  It  is  found  mostly 
in  the  liver,  where  it  forms  cicatricial 
masses  about  the  size  of  a  fist,  or 
even  lars:er.  These  include  numerous 
rounded,  smooth- walled  cavities  of  the 
size  of  peas,  or  smaller,  and  filled  with  a  more  or  less  gelatinous  fluid.  The 
central  parts  of  the  mass  frequently  undergo  granular  degeneration  or  are 
softened  and  liquefied. 

The  microscope  further  shows  in   the   firm  cicatricial  masses,  as  a   rule. 


Fifi.  72. — Ecliinococcus  multilocularis  of  the  liver. 
Five-sevenths  natural  size. 
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many  still  smaller,  smooth-walled  cavities  which  were  not  visible  to  the  naked 
eye.  All  the  cavities,  however,  are  lined  with  the  characteristic  constituents 
of  the  wall  of  the  echinococcus  cysts,  viz.  parenchyma  layer  and  laminated 
cuticle.  Scolices  are  sometimes  found  on  careful  searching.  These  small 
bladder  worms  lie  encapsuled  in  the  firm  fibrous  masses  which  are  derived 
from  the  tissues  of  the  host. 

Virchow  has  already  shown  that  many  of  these  small  echinococcus  cysts  lie 
in  lymph-vessels.  Others  penetrate  into  the  blood-vessels  and  bile  ducts  of 
the  liver.  This,  however,  cannot  often  be  made  out  distinctly.  One  may, 
however,  convince  oneself  by  means  of  serial  sections,  that  many  of  the  small 
cysts  of  the  echinococcus  multilocularis  communicate  with  each  other,  so  that 
it  may  be  supposed  to  have  an  irregularly  projecting  or  grape-cluster-like  form. 
It  would  further  appear  that  daughter  cysts  are  formed  in  the  wall  of  the 
small  cysts,  and  that  these  then  become  disseminated  in  the  neighbourhood. 

The  preference  for  the  liver  by  the  echinococcus  multilocularis  has  been 
already  referred  to.  Both  the  other  forms,  the  echinococcus  scolicipariens  and 
hydatidosus,  are  very  frequently  (according  to  Neisser's  statistics  in  46  per 
cent  of  the  cases)  to  be  found  in  the  liver.  They,  however,  occasionally  occur 
as  multiple  cysts  in  the  other  organs,  especially  in  the  lung  and  pleura,  in  the 
cranial  cavity,  in  the  kidneys,  in  bone,  in  the  spleen,  and  in  other  viscera. 
The  voluntary  muscles  seem  very  rarely  to  be  affected.  When  they  occur  in 
the  interior  of  an  organ,  echinococcus  cysts  are  always  surrounded  by  a 
cicatricial  capsule  of  connective  tissue ;  while,  in  the  serous  cavities,  thej'' 
occasionally  develop  free.  In  many  cases  the  disease  leads  to  a  fatal 
termination  by  pressure  on  vital  organs,  by  the  sacs  bursting  and  emptying 
into  serous  and  other  cavities  with  subsequent  suppuration,  or  by  perforating 
outwards  and  so  leading  to  the  formation  of  suppurating  sinuses.  In  other  cases, 
however,  the  parasite  dies.  Its  fluid  contents  are  partly  absorbed,  the  walls  of 
the  cyst  collapse,  and  disappear  in  compact  masses  of  cellular  exudation,  which 
become  subsequently  inspissated  and  not  infrequently  calcified. 
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5.  Taenia  Nana 

This  was  first  observed  by  Bilharz  in  Egypt  in  the  duodenum  of  a  boy,  and 
subsequently  in  Italy  by  Grassi  and  Yisconti.  They  always  occur  in  con- 
siderable numbers.  The  tapeworm  itself  is,  however,  relatively  small.  Its 
full  length  does  not  reach  30  mm.  The  scolex  bears  four  sucking  discs  and  a 
rostellum,  with  a  simple  circle  of  twenty-two  to  twentj^-four  booklets.  The 
number  of  proglottides  varies  between  150  and  170.  The  individual  proglot- 
tides are  broad,  about  four  times  as  broad  as  long.  The  uterus  has  the  same 
shape  as  the  proglottis.  The  genital  pore  is  found  at  the  same  lateral  margin 
of  all  the  segments. 
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6.  Tsenia  Flavo -punctata 

Once  observed  by  Weinland,  subsequently  examined  by  Leuckart.  It  may 
reach  a  length  of  30  cm.  (12  in.).  The  immature  segments  of  the  anterior  half 
of  the  tapeworm  sometimes  show  a  yellow  spot,  which  is  probably  the 
receptaculum  seminis.  The  segments  in  the  posterior  half  of  the  worm  contain 
a  great  many  ova  which  lie  in  a  wide  uterus,  occupying  almost  the  whole  of 
the  segment.  The  proglottides  are  short  but  broad ;  those  at  the  extreme  end 
being  somewhat  elongated  and  trapezoid.  The  genital  pore  is  lateral,  and 
always  at  the  same  side. 
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7.  Taenia  Madagascariensis 

This  is  about  8  cm.  in  length,  with  about  100  segments.  Numerous  oval 
bodies  lie  in  transverse  rows  within  the  proglottides.  According  to  Davaine, 
there  are  balls  of  ova  united  to  each  other.  The  genital  pore  is  lateral  and  at 
the  same  side  in  all  the  segments.  This  parasite,  discovered  by  Grenet,  was 
found  in  Madagascar  in  a  few  children  and  more  fully  described  by  Davaine. 
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8.  Tsenia  Cucumerina 

This  tapeworm  is  found  comparatively  frequently  and  in  large  numbers  in 
the  lower  part  of  the  small  intestine  in  dogs.  It  is  rarer  in  man,  occur- 
ring especially  in  children.  Its  full  length  is  from  18  to  25  cm.  The 
scolex  bears  at  its  anterior  pole  a  club-shaped  rostellum,  which  is  furnished 
with  four  rows  of  short  hooks.  The  hooks  have  small,  discoidal  bases,  not  as  in 
other  ttenige,  two  root  processes.  It  is  noteworthy  that  the  proglottides  possess 
on  each  of  their  two  lateral  margins  a  genital  pore  which,  according  to  circum- 
stances, may  serve  as  an  opening  either  for  the  male  or  for  the  female  organs. 
The  mature  proglottides  have  the  shape  of  cucumber  seeds,  and  are  from  8  to 
10  mm.  in  length  and  I'o  to  2  mm.  in  breadth.  The  uterus  has  at  first  a 
reticulated  branching  form  with  lateral  processes,  which  become  subsequently 
dilated  into  pockets  by  the  maturing  ova.  A  reddish-brown  cement  substance 
is  ultimately  produced  between  the  ova,  which  gives  the  mature  j^roglottides  a 
reddish  colour. 

According  to  Leuckart  and  Grassi,  the  ova  undergo  their  subsequent 
development  in  the  body  cavities  of  lice  and  fleas  which  are  parasitic  on  the 
skin  of  the  dog.  Here  also  the  ova  develop)  into  small  oval  bodies  which 
contain  a  scolex. 
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9.  Bothriocephalus  Latus 

The  bothriocej)halus  latus  is  the  longest  of  all  the  tapewoi'ms  of  man. 
It  may  reach  a  length  of  about  5  to  9  yards.  The  individual  segments  are 
relatively  broad  and  short.  The  scolex  is  oval  and  appears  somewhat 
flattened.  In  its  two  margins  are  elongated  suctorial  grooves  which  pass  into 
each  other  by  a  deep  furrow  at  its  anterior  pole  (Fig.  73). 

The  number  of  segments  is  enormous,  amounting  to  3000  or  4200.     After 
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Fig.  73.— Scolex  of  bothrio- 
cephalus latus,  X  20. 


Fig.  74. — Mature  proglottides  of  bothriocephalus  latus,  x  5. 


maturity  the  proglottides  are  10  to  15  mm.  broad  and  3  to  4  mm.  long.  The 
genital  pores  are  situated  on  one  surface  of  the  segments  and  near  their 
anterior  border,  as  shown  in  Fig.  74.  Near  the  genital  pore  the  yellowish- 
bro"\vn  convolutions  of  the  uterus  can  be  made  out  with  the  naked  eye. 

The  ova  of  bothriocephalus  latus  are  enclosed  in  a  brown  shell.  They  are 
oval  in  form,  0*07  mm.  long  and  0"045  mm.  broad.  When  the  ovum  reaches 
water,  an  embryo,  furnished  with  a  thick  ciliated  cuticle  and  some  booklets, 
develops  within  it.  The  embryo,  after  raising  the  lid  of  the  shell,  is  set  free 
and  swims  about  in  the  water.  Its  immediately  subsequent  history  is  unknown  ; 
but  there  are  many  reasons  for  believing  that  it  enters  into  some  of  the  lower 
animals  which  live  in  the  water. 

It  has  now  been  established  by  the  researches  of  M.  Braun  that  the  larva  of 
bothriocephalus  latus  is  found  in  great  numbers  in  the  wall  of  the  intestine,  in 
the  body  cavities,  and  in  the  muscles  of  certain  fishes  (pike,  blenny),  and  when 
these   are   eaten   by  man,  the   dog,   or  the   cat,  the   bothriocephalus  latus   is 
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developed.  The  larva  in  the  above-named  fishes  has  a  cylindrical  body  from 
6  to  8  mm.  long  which  distinctly  shows  at  its  anterior  pole 
the  two  suctorial  grooves  of  the  bothriocephalus  (Fig.  75). 

The  distribution  of  bothriocephalus  latus  is  limited.  It 
is  most  frequently  found  in  the  neighbourhood  of  the 
Swiss  lakes,  on  the  shores  of  the  Baltic,  especially  in  St. 
Petersburg,  and  the  Russian  Baltic  provinces.  It  is  also 
said  to  occur  in  North  America  and  Japan.  Sporadic  cases 
have  also  been  known  in  the  interior  of  Germany,  and  in 
the  south  of  England. 

In  Greenland  and  Iceland  a  second  species,  the  both- 
riocephalus cordatus,  has  been  observed   not  only  in  man 

Fig.  75.— Two  larvie  of     but  also   in  the  dog,  the  seal,  and  the  walrus.     Its  head 


the  botiiriocephaius     jg   heart-shaped  ;    the   tapeworm,   however,   is   only  80    to 

latus     from     the        n  t  -  i 

muscle  of  a  pike.  Hocm.  long. 
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B.  Trematoda  (Suctorial  Worms) 
10.  Distoma  Hepaticum 

Various  distomata,  monostoma  lentis,  and  amphistoma  hominis  represent 
the  trematoda  which  occur  parasitically  in  man.  These  do  not  form  chains  or 
colonies  ;  their  alimentary  canal  is  greatly  forked  and  ends  blindlj',  while  the 
oral  aperture  lies  at  the  bottom  of  a  suctorial  disc.  The  occurrence  of 
suctorial  discs  in  other  parts  of  the  body  determines  the  subdivisions  of  the 
trematoda.  The  developmental  history  of  these  parasites  generally  requires  a 
complex  alternation  of  generations  and  a  repeated  change  of  host. 

Distoma  hepaticum,  the  large  liver  fluke,  is  occasionally  found  either  single 
or  more  rarely  in  large  numbers  in  the  bile  ducts  and  gall-bladder  of  man. 
In  sheep  and  cattle,  on  the  other  hand,  especially  such  as  have  been  sent  to 
graze  in  meadows  that  have  been  previously  flooded,  infection  by  this  parasite 
is  very  common.  The  aff'ected  bile  ducts  are  dilated,  their  wall  generally 
thickened,  and  in  many  places  ulcerated  or  fibrous  in  structure.  The  contents 
of  the  bile  ducts  are  replaced  by  bloody  and  muco-purulent  masses,  in  which 
the  distomata  and  their  eggs  are  found  in  large  numbers. 

The  parasite  is  generall}^  leaf-shaped  and  from  30  to  35  mm.  in  length. 
The  anterior  pole  of  the  body  carries  the  oral  suctorial  disc  (Fig.  76). 
Somewhat  further  backwards  is  the  ventral  suctorial  disc,  the  anterior  margin 
of  which  approximately  indicates  the  limit  between  the  small  conical  anterior 
portion  of  the  body  and  the  much  greater,  leaf-shaped  hinder  portion.  The 
cuticle  of  the  worm  is  covered  with  prickles.  The  alimentary  canal,  the 
sexual  organs,  and  the  water -vascular  system  lie  embedded  in  the  body 
parenchyma. 

The  alimentary  canal  begins  at  the  bottom  of  the  oral  suctorial  disc  as  a 
single  tube,  which,  however,  in  the  neighbourhood  of  the  ventral  disc  divides 
into  two  branches.     These  extend  to  the  right  and  left  of    the   middle  line 
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through  the  whole  hinder  part  of  the  body,  where  they  branch  repeatedly  and 
finally  terminate  blindly. 

In  Fig.  76  the  alimentary  canal  appears  dark  in  consecjuence  of  being  fully 
distended  with  nutriment,  mostly  derived  from  the  blood  of  its  host.  In  the 
middle  line  of  the  same  figure  a  clear  line  is  also  seen.  This  is  the  principal 
stem  of  the  excretory  organ  (water- vascular  system).  It  possesses  a  rich 
arborisation  (which  is  not  shown)  and  has  a  free  external  opening  near  the  hinder 
pole  of  the  body. 

Distoma  hepaticum  is  hermaphrodite.  The  male  and  female  genital  organs 
open  by  a  common  cloaca  in  the  middle  line  of  the  body  between  the  two 
suctorial  discs.  The  male  genital  organs  consist  of  a  cirrhus  (penis),  cirrhus 
sac,  seminal  duct,  and  two  large  testicles,  in  the  form  of  repeatedly  branched 
tubular  glands,  situated  in  the  middle  part  of  the  hinder  portion  of  the  body. 


^ 


Fio.  77.— Free  swimming 
embryo  of  distoma 
hepaticum.  Magni- 
fied 33  times. 


Fig.  7S. — Lyninajus  minutus, 
the  wdely  distributed  in- 
termediate host  of  dis- 
toma hepaticum.  A, 
Natural  size ;  B,  3i  times 
magnified  (after  Leuclcart). 


Fig.  7i3. — Distoma  hepaticum 
drawn  by  transmitted 
light,  x3. 


Fig.  70.— Sporocyst  of 
dist.  hepat.  with 
rediae  in  various 
stages  of  develop- 
ment (after  Leuck- 
art),  X200. 


The  female  genital  apparatus  consists  of  vagina,  a  complexly  convoluted  uterus, 
ovary,  and  yolk  sac,  of  which  the  last  mentioned  may  be  recognised  as  the  dark 
dendritically  branched  zone  at  the  margin  of  the  hinder  part  of  the  body  in 
Fig.  76. 

The  eggs  of  distoma  hepaticum  are  oval  in  form,  provided  with  a  lid,  and 
are  about  0-13  mm.  long  and  0"07  to  0'09  mm.  broad.  The  researches  of 
Leuckart  and  Thomas  have  traced  out  their  development  in  all  essential  points. 
The  embryo  escapes  from  the  egg  in  warm  and  moist  places.  It  is  furnished 
with  a  ciliated  envelope,  a  pigment  spot,  and  rudiments  of  a  nervous  system 
and  intestine  (Fig.  77).  It  moves  about  actively  in  water  and  penetrates 
the  body  of  a  small  fresh-water  mollusc,  the  lymnreus  minutus  (Fig.  78). 
After  losing  its  ciliated  envelope  it  becomes  transformed  into  a  sporocyd  (Fig. 
79),  within  which  new  embryos,  termed  redicc,  are  produced  asexually  (Fig.  80). 

These  escape  from  the  sporocysts  and  penetrate  deeply  into  the  body  of 
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their  host,  within  which  they  develop  a  new  generation,  the  cercaria.  The 
tailed  cercaria  (Fig.  81),  subsequently  leaving  the  body  of  the  redia  and  their 
host,  become  free  in  water,  where,  after  shedding  their  tail,  they  adhere  to 
plants  and  other  solid  bodies,  and  there  become  encapsuled  (Fig.  82).  This 
much  has  been  directly  observed.  There  can,  however,  be  no  doubt  that  the 
cercaria  which  have  been  encapsuled  on   plants   after  being  introduced  into 


Fig.  so. — Mature  redia  with 
brood  of  cercaria  (after 
Leuckart),  x50. 


Fio.  SI. — Mature  cercaria 
of  distoma  hepaticum 
with  shell-forming  gland 
(after  Leuckart),  x  300. 


Pig.  S2. — Encapsuled  cer- 
caria of  distoma  hepati- 
cum (after  Leuckart), 
X150. 


the  alimentary  canal  of  man,  cattle,  and  sheep,  develop  a  genital  system  and 
become  converted  into  sexually  mature  distomata. 
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11.  Distoma  Rathouisi  (Poirier) 

A  few  exotic  parasites  remain  to  be  mentioned  which  can  only  be  referred 
to  in  their  more  important  diagnostic  features,  while  for  special  points  the 
exhaustive  description  in  the  second  edition  of  Leuckart's  great  work  may  be 
consulted. 

Distoma  Eathouisi,  which,  according  to  Leuckart,  is  presumably  identical 
with  distoma  crassum  (Busk),  is  a  worm  of  elongated  oval  form,  25  mm.  long 
by  16  mm.  broad,  tongue -shaped,  with  a  small  oral  and  a  larger  ventral 
suctorial  disc,  a   smooth   cuticular  envelope  without  hairs  or  scales.     Sexual 
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organs  and  ova  resemble  those  of  distoma  hepaticum ;  on  the  other  hand,  the 
two  portions  into  which  the  intestine  divides  are  not  further  branched.  It  is 
found  in  China. 


12.  Distoma  Spathulatum 

The  thin  lancet-shaped  body  of  this  parasite 
and  2  to  3  mm.  broad.  The  oral  sucking  disc  is 
larger  than  the  ventral  one,  which  is  placed  far  back. 
Intestine  simply  forked  without  further  branching. 
Testis  in  the  form  of  a  varicose,  branched  tube  lying 
in  the  posterior  fourth  of  the  body.  Smooth  cuti- 
cular  envelope.  Hermaphrodite.  Found  in  the 
human  gall  bladder  in  China  and  Japan. 

13.  Distoma  Conjunctum 

Is  similar  in  size  and  form  to  the  preceding  para- 
site. Cuticle  beset  with  points  and  hairs.  Oral  and 
ventral  suctorial  discs  near  each  other.  Intestine 
simply  forked.  The  main  stem  of  the  water-vascular 
system  very  wide.  Hermaphrodite.  Calcutta,  East 
Indies. 

14.  Distoma  Lanceolatum 

This  parasite  very  frec^uently  occurs  along  with 
distoma  hepaticum  in  sheep  and  cattle,  chiefly  in 
the  smaller  bile  ducts.  In  man  it  is  less  frequently 
seen. 

Distoma  lanceolatum  is  8  to  9  mm.  long,  lancet- 
shaped,  thin,  with  a  smooth  cuticle.  Ventral  sucking 
disc  situated  above  one -fifth  of  the  leng-th  of  the 
body  behind  the  oral  sucking  disc.  Immediately 
behind  the  ventral  sucking  disc  are  two  lobulated 
testicles,  and  behind  these  the  ovary  (Fig.  83). 
The  uterus,  which  is  very  long,  is  filled  with  ova 
and  forms  convolutions  which  reach  to  the  very 
hinder  extremity  of  the  body.  Yolk  sacs  small, 
situated  laterally  (Fig.  83).  Genital  pore  in  the 
middle  line  of  the  body  between  the  two  suctorial 
discs.  Alimentary  canal  simply  forked.  Eggs  O'Ol 
mm.  long,  0-03  mm.  broad,  while  still  in  utero 
develop  a  ciliated  embryo. 


15.  Distoma  Heterophyes 
Observed     several    times     by    Bilharz    in 


is    10    to    13   mm.    long 


y 


the 


Fig.  S3. — Distoma  lanceolatum, 
Xl8. 


human  intestine  in  Cairo.     This  distoma  is  1  to  1  -5 

mm.  long  and  O'T   mm.  broad.      Body  compressed. 

Anterior  half   of  the  body  furnished  with  prickles. 

Ventral  suctorial  disc  near  the  middle  of  the  body,  much  larger  than  the  larger 

oral  disc.     Behind  the  ventral  suctorial  disc  the  genital  cloaca,  like  a  second 

ventral  suctorial  disc.      Testicles  in  the  hinder  part  of  the  body.      Simple 

forked  intestine. 
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16.  Distoma  Pulmonale 


Egg-shaped,    8    to    10    mm. 


long, 


Fig.  84. — Distoma  pulmonale  (after  Leuckart),  xlO. 


gnosis  easy.      The   disease   appears   to 
Formosa  (Manson). 

Kerbert  found  the  same  parasite  in  the  hmgs  of  tigers 


4  to  6  mm.  broad,  brownish  -  red. 
Transverse  section  of  the  animal  al- 
most circular.  Suctorial  disc  small. 
Ventral  sucking  disc  near  the  middle 
of  the  bodv.  Cuticle  furnished  with 
prickles.  Genital  pore  behind  the 
ventral  sucking  disc.  The  intestine, 
divided  into  two  j^arts,  shows  an  irregu- 
larly wavy  course  and  has  short  diverti- 
cula (Fig.  84).  The  eggs  have  a  yellow, 
relatively  thin  shell,  are  oval,  about 
0"08  to  0"1  mm.  long  and  0"05  mm. 
broad.  Distoma  pulmonale  is,  accord- 
ing to  the  researches  of  its  discoverer, 
Baelz,  extraordinarily  frequent  in 
Japan.  It  lives  in  small  cavities  in 
the  lungs  surrounded  by  fibrous  tissue, 
which  communicate  with  the  bronchi 
by  small  openings.  Thus  the  distoma 
eggs  become  mixed  with  the  sputum, 
which  closely  resembles  the  sputum 
in  tuberculosis.  The  periodic  ha^mop- 
tj^sis  which  occurs  in  pulmonary  dis- 
tomiasis  increases  the  resemblance  of 
this  disease  to  tuberculosis.  The  dis- 
covery of  numerous  distoma  eggs  in 
the  sputum,  however,  makes  the  dia- 
be  ver}'   common   also   in  Korea  and 
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17.  Distoma  Ophthalmobium 

Observed  on  one  occasion  between  the  lens  and  lens-capsule  in  a  child  which 
died  at  the  age  of  nine  months.  This  Avas  manifestly  an  early  stage  of  another 
distoma  which  cannot  be  more  certainly  identified.  The  worms  observed  were 
about  0"75  to  I'o  mm.  long,  possessed  oral  and  ventral  suctorial  discs,  a  simple 
forked  intestine,  and  the  first  rudiments  of  genital  organs.  Cataract  was  also 
present. 
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18.  Distoma  Haematobium  (Bilharzia  Hssmatobia) 


principally    by    the    separation    of   the    sexes    into    two 


has  a  short  and  flattened  anterior  part  of 

the  long  hinder  part  of  the  body  are  folded 

in 

lie 


Is    distinguished 
individuals. 

The  male,  12  to  14  mm.  long, 
the  body.  The  lateral  margins  of 
ventrally  and  thus  form  a  groove  in  which  the 
female  lies.  Both  suctorial  discs  lie  near  each 
other  in  the  anterior  part  of  the  body.  The 
intestine  is  simply  forked,  and  reaches  nearly  to 
the  hinder  end  of  the  body.  The  male  genital 
organs,  consisting  of  testicles  and  vas  deferens, 
open  behind  the  ventral  suctorial  disc  (Fig.  85). 

The  female  worm  is  cylindrical  in  form,  thin, 
16  to  19  mm.  in  length.  On  the  anterior  part  of 
the  body  are  two  suctorial  discs.  The  female 
genital  apparatus  opens  behind  the  ventral  suc- 
torial disc.  The  alimentary  canal  shows,  as  in 
the  previously  described  form,  a  bifurcation  in 
front  of  the  ventral  suctorial  disc.  The  two 
divisions,  however,  unite  behind  this  disc  into 
a  single  somewhat  undulating  longitudinal  stem. 
Eggs  oval,  pointed,  or  j^i'ovided  with  a  lateral 
tooth  (Fig.  86)  0'12  mm.  long,  0-04  mm.  broad. 

Distoma  hsematobium,  discovered  by  Bilharz, 
is  found  in  Egypt,  Abyssinia,  and  South  Africa. 
It  lives  in  the  portal  vein  and  its  branches,  the 

veins  of  the  liver,  mesentery,  and  spleen,  and  also  in  the  veins  of  the  rectum 
and  bladder.  It  is  nourished  from  the  blood.  Catarrhal  inflammations  with 
great  redness  and  swelling  of  the  mucous  membrane  and  submucosa  develop  in 
the  rectum,  bladder  and  ureter.  Numerous  ova  are  found  in  the  exudation  which 
covers  the  mucous  membranes,  as  well  as  in  the  underlying  tissues.  Later 
there  may  be  ulceration,  partial  cicatrisation,  and  in  the  bladder,  small  cauli- 
•  flower-like  projections  of  the  mucosa.     During  life,  in  addition 

to  severe  general  disturbance  of  nutrition,  the  occurrence  of 


Fig.  85.— Male  and  female  distoma 
liK'Hiatobium  (after  Bilharz).  En- 
larged about  seven  times. 


minute  fat   droplets   may  be 
latter  case  the  urine  shows 


blood   and  also  of   exceedingly 
observed  in  the  urine.      In  the 
a  milky  cloudiness  {chylurio). 

[Sonsino  has  shown  that  the  embryo  penetrates  into  the 
aquatic  larva  of  some  insects  and  into  several  species  of 
arthropoda,  and  becomes  encysted  in  them.  It  does  not 
undergo  further  development  till  it  is  set  free  from  its  inter- 
mediate host  within  the  human  stomach.  It  bores  its  way 
thence  into  the  portal  vein.  The  animals  which  act  as  hosts 
are  from  7  to  8  mm.  in  length  and  3  mm.  broad,  and  can  therefore  be  removed 
from  drinking  water  by  flltration  through  coarse  linen. — Tr.] 


Fig.  86.— Ova  of  dis- 
toma haemato- 
bium (Bilharz), 
X  about  150. 
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19.  Monostoma  Lentis 

Eight   specimens  of    this    parasite   were   found  by  V,   Nordmann    in    the 

cataractous  lens  of  an  old  woman.     These  were  0'3 
mm.  long  and  had  an  oral  but  no  ventral  suctorial 
^3     disc. 

20.  Amphistoma  Hominis 

This  has  been  twice  found  in  the  large  intestine 
of  man.  The  parasite  was  from  3  to  8  mm.  long,  3 
to  4  mm.  broad,  its  intestine  simply  bifurcated.  A 
suctorial  disc  at  both  anterior  and  posterior  extremi- 
ties. Hermaphrodite.  Genital  opening  in  the  middle 
line,  behind  the  bifurcation  of  the  intestine. 


/f^' 


Fig.  S7.  —  Ascaris  lumbricoides. 
-V,  Male;  IF,  female.  Half 
natural  size. 


C.  Nematoda  (Thread  Worms) 

The  nematodes  are  cylindrical,  elongated  worms 
which  have  a  cuticle  generally  showing  transverse 
rings.  Under  the  cuticle  there  lies  a  muscular  layer 
which  is  not  infrequently  very  highly  developed. 
In  contrast  to  the  previously  described  parasites 
they  are  distinguished  by  the  possession  of  a  body 
cavity,  in  which  an  alimentary  canal  and  sexual 
organs  are  situated.  Further,  a  nervous  system  is 
developed,  as  well  as  multiple  touch  corpuscles  on 
the  surface  of  the  body.  Eyes  are  present  in  some 
species  which  are  free-living  in  habit,  but  they  are 
absent  in  the  parasitic  forms.  There  are  no  blood- 
vessels or  respiratory  organs.  On  the  other  hand, 
an  excretory  organ  can  be  demonstrated  in  the  form 
of  two  long  canals  at  the  sides  of  the  body  which 
open  externally  by  a  common  opening  in  the  middle 
line  near  the  anterior  end  of  the  body.  The  nema- 
toda which  are  parasitic  in  man  have  separate  sexes. 


21.  Ascaris  Lumbricoides  (Round  Worm) 

The  small  ascaris  is  about  250  mm.  long  by  3-2  mm.  in  diameter.  Its 
shape  is  that  of  an  elongated  cylinder  pointed  at  both  ends.  The  anterior  end 
is  distinguished  by  three  distinct  lips  which  carry  touch  papilla3.  The  hinder 
end  of  the  body  appears  somewhat  curved  inwards,  and  two  spicula  of  about 
2  mm.  in  length  are  regarded  as  the  analogue  of  the  penis. 

The  alimentary  canal  is  an  elongated  tube,  in  which  an  oesophagus,  a 
small  intestine,  and  a  large  intestine  may  be  distinguished. 

It  begins  at  the  anterior  pole  of  the  body  between  the  lips  and  ends  near 
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Fig.  SS.  —  Mature 
ovum  of  ascaris 
lumbricoides, 
X300. 


the  hinder  end  of  the  body  along  Avith  the  genital  apparatus  in  a  cloaca,  from 
which  the  above-named  spicula  project.  The  testicle  is  a  long  tubular  organ 
which  fills  the  body  cavity  with  numerous  convolutions  and  opens  externally 
by  an  ejaculatory  duct  near  the  spicula. 

The  female  parasite  is  considerably  larger.  It  attains  a  length  of  400  mm. 
and  a  thickness  of  b'o  mm.  The  female  genital  apparatus  opens  externally  at  the 
junction  of  the  anterior  -with  the  middle  third  of  the  body.  It 
consists  of  two  long  ovarian  tubes,  two  uteri,  and  a  single 
vagina.  The  ova  are  very  numerous,  oval,  O'Oo  to  0"06  long, 
and  have  a  thick  chitinous  capsule.  The  eggs  Avhen  shed  are 
further  enclosed  in  an  albuminous  capsule  which  is  either  clear 
or  stained  yellowish  or  brownish  from  the  contents  of  the 
intestine  of  its  host  (Fig.  88). 

The  round  worm  is  a  very  common  parasite  which  can  be 
easily  recognised  during  the  life  of  its  host  by  the  numerous 
ova  which  are  to  be  found  in  the  faeces  of  the  patient.  As  a 
rule,  it  occurs  singly  or  in  moderate  numbers  in  the  small 
intestine.     It  is  sometimes  present  in  very  large  numbers.     It 

occasionally  makes  its  way  into  the  stomach,  the  mouth, 
the  nose,  and  the  large  intestine.  It  is  more  rarely  found 
in  the  gall-bladder  or  in  the  trachea.  It  may  perforate 
the  alimentary  canal  and  be  found  in  subcutaneous 
abscesses.  I  once  found  in  Dorpat  two  specimens  in 
the  spinal  canal  of  a  man,  in  whom,  in  consequence 
of  tubercular  destruction  of  the  body  of  a  vertebra  and 
perforation  of  the  wall  of  the  oesophagus,  a  communication 
between  the  cesophagus  and  spinal  canal  had  been  estab- 
lished. The  two  round  worms  in  this  case  lay  between 
the  dura  mater  and  the  bodies  of  the  vertebrae.  A  third 
round  worm,  however,  lay  in  the  oesophagus,  but  had 
pushed  a  part  of  its  body  into  the  sinus  between  the 
oesophagus  and  vertebral  column. 

Similar  or  identical  parasites  are  also  found  in  cattle 
and  pigs. 

22.  Ascaris  Mystax 


This  parasite  is  most  commonly  found  in  the  aliment- 
ary canal  of  cats  and  dogs.  It  is  only  exceptionally 
observed  in  man.  It  is  distinguished  by  its  smaller  size. 
The  male  is  45  to  60  mm.  long,  the  female  120  mm. 
It  is  further  characterised  by  two  wing- shaped  pro- 
cesses, about  2  to  4  mm.  long,  Avhich  are  placed  on  the 
anterior  end  of  the  body  behind  the  lips. 

23.  Oxyuris  Vermicularis  (Seat  Worm) 

This  inhabits  the  large  intestine,  often  in  large 
numbers.  The  male  is  3  to  4  mm.  long,  after  death 
curved  inwards  at  the  caudal  end  (Fig.  89).  The  eggs 
are  oval,  provided  with  a  thin  shell,  0-05  mm.  long,  0-025  mm.  broad,  and 
may  be  exposed  for  a  long  time  to  dry  air  without  injury  to  the  embryo  which 
they  contain. 

Infection  may  presumably  be  possible  without  an  intermediate  host,  since 


Fig.  S9.  —  Oxyuris  vermi 
cularis.  M,  JIale  ;  W 
female,     x  10. 
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the  ova  Avhich  are  voided  per  anum  may  reach  the  mouth  and  stomach  in  dust 
or  through  other  means.  At  least  Leuckart  has  obtained  positive  results  with 
himself  and  three  of  his  pupils  hy  the  direct  introduction  of  the  ova  into  the 
stomach.  This  result  explains  the  reason  why,  in  barracks,  prisons,  hospitals 
of  all  kinds,  the  oxyuris  is  sometimes  endemic.  Every  individual  with  oxyurides 
is,  it  would  appear,  a  source  of  danger  of  infection  for  those  about  him.  The 
oxyuris  is  a  very  troublesome  parasite,  because  it  wanders  out  of  the  anus  in 
the  night-time,  and  by  its  active  movements  causes  violent  itching  in  its 
immediate  neighbourhood.  This  provokes  their  host  to  scratching  and  rubbing. 
Thus  there  are  produced  superficial  irritations  of  the  skin,  erections,  onanism. 
Consequently  the  fingers  easily  become  a  means  of  fresh  infection.  The  genital 
organs  may  also  be  excited  reflexly  by  the  active  movements  of  the  parasite 


within  the  larse  intestine. 


24.  Ankylostoma  Duodenale 


This  parasite,  often  called  dochmius  or  stmngylus  duodenalis,  lives  in  the 
upper  part  of  the  small  intestine  of  man,   principally  in  the  duodenum  and 

jejunum.     It  is  a  small  cylindrical  worm ;  the  male 


being  10  mm.,  the  female  beino;  18  mm. 


lontr. 


The 


Fio.    90. 


Caudal  extremity  of  a 
male  ankylostoma  duodenale. 
The  oblique  lines  running 
across  this  extremity  indicate 
the  two  retracted  spicula.  At 
the  side  a  male  and  female, 
natural  size. 


head  is  bent  backwards.  The  oral  cavity  is  provided 
w^ith  thick  chitinous  layers  on  which  chitinous  teeth 
are  planted.  The  hinder  end  of  the  body  of  the 
male  is  provided  with  a  bell- shaped  structure  (Fig. 
90)  which  consists  of  two  broad,  paired,  and  one 
narroAV,  unpaired,  chitinous  lobe.  These  are  supported 
by  rib-shaped  processes  of  body  parenchyma.  From 
the  bell  two  long  spicula  project,  unless  they  are, 
as  in  Fig.  90,  retracted  into  their  case.  In  the 
female  the  genital  organs  open  somewhat  behind  the 
middle  line  of  the  body.  The  eggs  are  oval,  O'Oo 
mm.  long  and  0"03  mm.  broad,  provided  with  a 
thin  double  contoured  shell. 

The  ankylostoma  was  first  discovered  by  Dubini 
in  Milan.  The  structure  of  the  worm  and  its  great  pathological  importance 
were  subsequently  described  by  Bilharz  and  Griesinger.  The  epidemic  occur- 
rence of  the  parasite  in  brickfields  in  Rhenish  Prussia  and  during  construction 
of  the  St.  Gothard  Tunnel  drew  renewed  attention  to  it.  Its  distribution  is 
somewhat  wide.  It  is  found  in  Italy,  Switzerland,  Germany,  Austria,  Hungary, 
Egypt,  Abyssinia,  East  India,  Java,  Borneo,  Brazil,  Cayenne.  It  fastens  itself 
l)y  means  of  its  powerful  oral  apparatus  to  the  mucous  membrane  of  the 
intestine,  in  which  it  causes  a  small  puncture.  The  blood  Avhich  escapes  serves 
to  nourish  it.  The  loss  of  blood  and  perhaps  also  poisonous  products  of 
metabolism  of  the  parasite  cause  serious  injury  to  the  host.  Marked  anaemia, 
weakness  and  inability  to  work  result.  These  only  disappear  on  the  removal  of 
the  parasite  (Egyptian  or  tropical  chlorosis).  The  diagnosis  can  be  established 
by  the  discovery  of  the  presence  of  the  ova  and  worms  in  the  fences. 

It  is  probable  that  the  ova  which  escape  externally,  develop  further  in 
stagnant  water  or  in  moist  earth.  The  eggs  after  being  on  repeated  occasions 
introduced  into  the  stomach,  probably  by  means  of  drinking  water,  develop 
into  sexually  mature  individuals. 
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25.  Strongylus  Longevaginatus 

Found  once  in  the  lung  of  a  boy  of  six  years  of  age  as  a  small  thread-like 
worm.  The  male  up  to  17  mm.  in  length,  the  female  26  mm.,  and  from 
0"5  to  0'7  mm.  thick.  At  the  posterior  extremity  of  the  male  a  two-lobed 
bell-shaped  process,  from  which  two  long  spiculse  project.  The  female  genital 
organs  open  immediately  in  front  of  the  anus  (Diesing,  Systema  Helminth,  vol.  ii., 
Wien,  1857). 

26.  Eustrongylus  Gigas 

A  cylindrical  worm  of  a  reddish  colour.  The  male  attains  a  length  of 
400  mm.,  the  female  a  length  of  1  m.,  and  a  diameter  of  12  mm.  At  the 
anterior  end  of  the  body  is  an  oral  aperture  surrounded  by  six  papilla?.  At 
the  hinder  end  of  the  male  a  closed  bell  with  the  male  genital  pore  and  a 
simple  spiculura.  The  genital  pore  in  the  female  is  70  to  75  mm.  behind  the 
anterior  end  of  the  body.  The  intestine  is  at  the  hinder  end  of  the  body  in 
both  sexes,  in  the  male  it  opens  at  the  top  of  the  bell.  Eggs  oval,  0'06  mm. 
long,  0"04  broad,  with  an  albuminous  covering.  This  parasite  has  been  found 
in  only  eight  well-authenticated  cases  in  the  pelvis  of  the  kidney  of  man.  In 
the  dog,  wolf,  fox  and  in  some  other  mammalia  it  is  somewhat  more  common. 
In  these  it  occurs  also  in  the  pelvis  of  the  kidney,  more  rarely  in  the  peritoneal 
cavity  or  in  the  lung. 

27.  Rhabdonema  Strongyloides 

This  parasite  has  been  described  as  the  anguillula  or  rhabditis  stercoralis 
and  intestinalis — that  is,  as  two  distinct  species.  The  researches  of  Leuckart 
and  Grassi,  however,  show  that  these  are  only  two  developmental  stages  of 
one  species.  In  Cochin-China  and  in  Italy  a  severe  form  of  diarrhoea  occurs 
endemically,  in  which  a  number,  which  is  sometimes  very  considerable,  of  small 
parasites  and  their  ova  is  found  in  the  dejections,  in  the  small  and  large 
intestine,  in  the  bile  ducts,  and  in  the  pancreatic  duct.  These  parasites  belong 
to  one  or  two  closely-allied  species. 

The  smaller  form  of  the  parasite  (anguillula  stercoralis)  is  a  cylindrical 
worm  about  0'9  to  1*0  mm.  in  length,  with  a  blunt  anterior  pole  and  a  sharply 
pointed  hinder  pole.  (Esophagus  short,  narrowed  in  the  middle  of  its  length, 
and  containing  teeth.  The  male  possesses  two  spicula  and  a  bell  at  the 
posterior  pole.     In  the  female,  the  vulva  opens  in  the  middle  of  the  body. 

The  larger  form  (anguillula  intestinalis)  attains  a  length  of  2 '2  mm.  The 
external  appearance  of  the  body  corresponds  to  the  above.  Qilsophagus  very 
long,  about  a  quarter  to  half  the  length  of  the  body,  provided  with  a  lining  of 
granular  cells.     The  female  alone  is  known.     It  produces  innumerable  eggs. 

The  relations  between  the  two  parasites  appear  to  be  as  follows  : — The 
larger   anguillula   intestinalis   is   always   an   intestinal   parasite.      It  produces 
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by  parthenogenesis  numerous  thin-shelled  ova  from  0"065  to  0"070  mm.  long 
and  0"030  to  0'037  mm.  broad.  These  are  discharged  in  chains  per  anum. 
Then  in  a  moist,  warm  environment  they  become  segmented  and  develop 
embryos.  The  embryos  on  being  set  free  develop  in  the  fasces  in  warm 
weather  into  male  and  female  anguillula  stercoralis.  When  their  ova  are 
impregnated,  embryos  develop,  Avhich  are  introduced  into  the  intestine  of 
man  in  some  unknown  manner.  It  is  to  be  noted  that  the  embryos  which 
spring  from  anguillula  intestinalis  show  an  oesophagus  which  has  the  form 
of  that  of  anguillula  stercoralis  ;  while,  on  the  other  hand,  the  embryos  which 
arise  from  anguillula  stercoralis  show  the  long  oesophagus  of  A.  intestinalis. 
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28.  Trichocephalus  Dispar  (Whipworm) 

This  is  an  apparently  harmless  inhabitant  of  the  coecum  and  the  neighbouring 
portions  of  the  bowel. 

Males    and  females    are   almost    equal    in    length,   40    to   50   mm.      The 


Fig.  91. — Trichocephalus  dispar.    M,  Male  ;  JF,  female.    Magnified  Ave  times. 

anterior  part  of  the  body  is  thin  and  thread-like  in  both  sexes.  It  mainly 
contains  the  long  oesophagus  which  is  surrounded  with  large  cells.  The 
posterior  part  of  the  body  is  much  fuller  and  thicker.  The  small  and 
large  intestines  are  situated  in  this  part  and  open  externally  at  the  hinder 
pole  of  the  body.  In  the  male  this  hinder  section  of  the  body  is  curved 
spirally.  The  male  sexual  organs  open  along  with  the  large  intestine  into 
a  common  cloaca,  from  which  the  simple  spiculum  projects.  The  hinder 
segment  of  the  body  of  the  female  is  straight  or  only  slightly  curved.  The 
opening  of  the  female  genital  organs  is  situated  in  the  posterior  segment  of 
the  body  near  its  junction  with  the  anterior  segment. 

The    eggs,  of    oval   form,  are    about    0*05    mm.  long    and   have   a  thick 
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shell  which  bears  at  each  pole  a  rounded,  translucent  knob.  They  escape 
along  with  the  faeces  and  may  develop  in  water,  although  very  slowly. 
An  intermediate  host  does  not  appear  to  be  necessary  for  their  development. 

29.  Trichina  Spiralis 

Hilton,  Paget,  Owen,  Zenker,  Virchow,  and  Leuckart  have  thrown  light  upon 
this  parasite,  which  is  so  interesting  pathologically.  The  muscle  trichina  is 
found  in  the  flesh  of  man,  pigs,  and  other  animals.  It  is  enclosed  in  a  special 
capsule  and  has  no  sexual  organs,  but  a  Avell-developed  alimentary  canal.  The 
disease,  trichinosis,  is,  as  a  rule,  induced  in  man  by  eating  raw,  insufficiently 
cooked,  or  salted  pork.  The  capsule  of  the  muscle  trichinae  is  destroyed  by 
the  action  of  the  digestive  juices  in  the  stomach  and  alimentary  canal.  The 
trichinre  are  thus  set  free,  and  in  two  and  a  half  days  develop  their  sexual 
organs.  In  this  way  the  muscle  trichinae  become  converted  into  intestinal 
trichinte. 

The  intestinal  trichince  are  of  separate  sexes,  the  male  being  1*5,  the  female 
3  mm.  in  length.  The  alimentary  canal  is  composed  of  a  long  resophagus, 
surrounded  by  large  cells,  a  small  and  a  large  intestine.  The  male  genital 
organs,  which  consist  of  a  long  tubular  testis,  a  seminal  vesicle,  and  an 
ejaculatory  duct,  open  along  with  the  large  intestine  into  a  cloaca  at  the 
posterior  body  pole.  This  cloaca  is  provided  with  two  papilla?  or  prehensile 
organs.  The  female  genital  organs,  ovary,  uterus,  vagina,  open  externally 
nearly  opposite  the  middle  of  the  03sophagus.  The  ova  develop  an  embryo, 
which  soon  breaks  its  shell  and  becomes  free  while  still  in  the  uterus  and 
vagina.  The  intestinal  trichina  is  thus  viviparous,  and  the  first  embryos 
are,  as  a  rule,  produced  seven  days  after  trichinous  flesh  has  been  eaten. 

It  is  only  Avhen  the  number  of  parasites  ingested  has  been  enormous  that 
the  intestinal  trichinae  cause  immediate  disturbance  of  the  intestinal  functions 
of  their  host.  The  action  of  their  very  numerous  progeny  is  much  more 
important. 

It  is  supposed  that,  as  a  rule,  each  female  intestinal  trichina  produces  from 
1200  to  1500  live  embryos.  Many  of  these,  of  course,  are  discharged  with 
the  fceces  and  then  die.  The  majority  of  them,  however,  pass  through  the 
intestinal  walls  into  the  muscles  of  the  body  of  their  host.  The  disturbances 
which  arise  thereby  vary  according  to  the  number  of  the  embryos.  When  the 
infection  is  moderately  severe  there  is  high  fever,  with  violent  pains  in  the 
muscles,  paralyses,  and  oedema. 

The  disease  reaches  its  height  from  two  to  five  weeks  after  the  original 
infection  and  not  infrequently  causes  the  death  of  the  host. 

When  the  trichina  embryos  have  reached  the  muscles  of  the  trunk  and  the 
extremities  they  penetrate  the  individual  muscular  fibres  and  move  actively  in 
the  semi-fluid  contents  of  the  sarcolemma.  These  consequently  undergo  a 
granular  degeneration,  so  that  ultimately  the  parasite  lies  in  an  empty  sarco- 
lemma tube.  The  adjacent  intermuscular  connective  tissue  proliferates  and 
forms  a  thin  connective  tissue  capsule  round  the  intruder,  which  has,  in  the 
meantime,  become  rolled  up  into  a  spiral.  Further,  the  muscle  trichina  forms 
around  itself  a  translucent,  oval,  thick- walled  capsule  (Fig.  92),  in  which  it  can 
remain  inactive  for  years,  either  till  it  dies,  or  till  its  introduction  into  the 
stomach  of  a  suitable  mammal  or  of  man  gives  the  stimulus  to  further 
development  into  an  intestinal  trichina. 

The    capsule    of    the  muscle    trichina   not   infrequently    becomes    calcified. 
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Then   it  becomes  visible  even  to   the   naked   eye   as   a   shining  white   speck, 

which  appears  dark  by  transmitted 
light.  Sometimes  a  single  capsule  may 
contain  several  trichinae.  If  the  trichina 
dies  within  its  capsule,  it  becomes 
calcified  as  Avell  as  the  latter.  In  the 
individual  muscles  invaded  by  the 
trichina?,  the  latter  are  found  mostly  in 
the  tendons.  As  a  rule,  the  diaphragm, 
the  lumbar,  and  intercostal  muscles,  the 
muscles  of  the  neck,  the  larynx,  and  the 
tongue  are  mainly  attacked.  The  affec- 
tion of  the  muscles  of  the  extremities 
is  usually  less  severe.  This  distribution 
indicates  that  one  part  of  the  wandering 
parasites  is  disseminated  by  the  blood 
and  lymph  streams,  while  the  majority  of 


them  wander  along  the  connective  tissue 
spaces. 

Trichina  spiralis  is  found  in  cats,  rats, 
mice,  and  some  other  wdld  mammals. 
Rabbits  and  dogs  are  specially  well 
adapted  for  experiment. 


Fig.  92.— Encapsuled  muscle  trichinee,  xlOO. 
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30.  Filaria  Bancrofti 

Wucherer,  a  German  physician  in  Bahia,  was  the  first  to  observe  minute 
thread  worms  in  the  urine  rendered  turbid  with  fat  molecules  in  tropical  and 
subtropical  chyluria,  as  it  occurs  specially  in  Brazil,  the  East  Indies,  China, 
and  other  places.  These  were  found  later  in  Calcutta  by  Lewis  in  the  Ijlood 
in  the  same  disease,  filaria  sanguinis  hominis.  They  are  small  round  worms 
with  a  rounded  head  and  pointed  tail.  They  attain  a  length  of  0*35  mm., 
while  their  breadth  corresponds  approximately  to  that  of  a  red  blood  corpuscle, 
varying  from  0"00G  and  0"008  mm.  These  small  parasites  have  frequently 
attached  to  them  a  loose,  chitinous  lamella,  which  is  a  shed  embryonic  membrane. 
They  show  active  serpentine  movements  in  the  blood. 

There  can  be  no  doubt  that  filaria  sanguinis  hominis  represents  an 
embryonic  stage  of  development.  The  corresponding  sexually  mature  worm 
was  found  by  Bancroft  as  a  round  worm  8  to  10  cm.  in  length.  This  was 
named  by  Cobbold  the  Filaria  Bancrofti. 

Filaria  Bancrofti  is  found  in  persons  Avith  chyluria,  in  abscess  cavities  in 
various  parts  of  the  body.  Around  these  abscess  cavities  there  is  a  great  new 
formation  of  connective  tissue  which,  when  situated  superficially,  is  frequently 
compared  to  the  elephantiasis-like  thickenings  described  among  the  tumours. 
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From  these  abscess  cavities  the  embryos  pass  into  the  lymphatics  and  blood- 
vessels;  they  cause  swelling  of  the  lymph-glands,  dilatation  of  the  vessels, 
and  frequently  haematuria  and  chyluria.  To  what  extent  the  latter  is  due  to  a 
disturbed  function  of  the  kidney  must  be  regarded  as  doubtful,  since  Havelburg, 
in  a  case  of  chyluria  in  a  woman, 
obtained  clear  urine  by  catheterising 
one  ureter,  while  the  urine  became 
turbid  and  chylous  within  the  bladder. 

The  embryos  are  found  in  the  blood 
mainly  during  the  early  hours  of  the 
night  (Mackenzie,  Havelburg).  Accord- 
ing to  Manson  the  mosquito  serves  as 
the  medium  for  its  further  develop- 
ment. He  found  filaria  embryos  in  the 
blood  which  had  been  sucked  by  mos- 
quitoes as  well  as  in  the  body  cavities 
of  these  insects.  In  the  latter  case  the 
embryos  were  already  furnished  with  the 
rudiments  of  sexual  orsrans.  The  fur- 
ther  stages  of  development  are  unknown. 
It  is,  however,  not  improbable  that  the 
further  developed  eml)ryos,  after  the 
death  of  the  mosquito,  pass  into  water, 
and  from  thence  into  man,  where  they 

would  be  developed  into  Filaria  Bancrofti.     Their  life-history  is,  however,  far 
from  being  completely  traced. 


Fio.  93.— Filaria  sanguinis  honiinis  (after  a  chawing 
by  Dr.  Havelburg  in  Santos),  x  about  10. 
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31.  Filaria  Medinensis  (Guinea  Worm) 

This  parasite,  which  was  known  in  ancient  times  by  the  name  dracunculus, 
is  even  now,  as  far  as  its  developmental  history  is  concerned,  only  incompletely 
investigated.  Only  the  pregnant  female  has  been  fully  examined  ;  this  attains 
the  length  of  from  60  to  80  cm.  and  more,  but  is  relatively  slender,  about  0*5 
to  2  mm.  in  diameter.  The  anterior  end  is  rounded  and  has  a  small  oral 
opening ;  the  hinder  end  terminates  in  a  short  point,  curved  ventrally. 
Beneath  the  thick  cuticle  is  a  strong  muscular  layer  which  bounds  the 
body  cavity  ;  in  the  latter  is  a  very  narrow  intestinal  canal  and  the  extra- 
ordinary wide  uterus.  There  is  no  anal  opening,  and  an  external  opening 
of  the  female  genital  canal  is  also  unknown.  The  wide  uterus  extends  as 
an  elongated  tube  throughout  nearly  the  whole  length  of  the  body.  At  its 
two  extremities  are  situated  the  remains  of  the  ovaries.  The  uterus  is  closely 
packed  with  numerous  embryos. 
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The  distribution  of  the  guinea  worm  is  very  Avide.  It  is  specially  found 
in  the  tropical  parts  of  Africa  and  Asia ;  but  it  also  extends  far  into  the 
steppes  of  Central  Asia,  from  which  the  specimen  which  is  represented  in 
Fig.  94  was  brought.  It  inhabits  the  cellular  tissues  of  almost  any  part 
of  the  body.  The  more  striking  symptoms  of  the  disease  arise  principally 
when  the  parasite  begins  to  escape  from  the  body.  When  it  reaches 
the  subcutaneous  tissue  a  small  tumour  is  formed,  apparently  from  the 
accumulation  of  fluid  exudation.  At  last  the  skin  is  broken,  mostly  through 
the  assistance  of  the  j^atient  or  the  physician,  and  a  somewhat  serous  fluid 
escapes,  while  at  the  bottom  of  the  wound  the  head  of  the  worm  becomes 
visible.  As  a  rule,  the  efl'ect  is  very  unfavourable  if  the  worm  is  ruptured 
in  the  attempt  to  remove  it.  This  fact  is  explained  by  the  wandering  of 
the  liberated  embryos  into  adjacent  parts.  No  doubt  the  access  of  pyogenic 
organisms  also  plays  an  important  part  here.     Sinuous  abscess  cavities  may 


Fig.  94. — Filaria  medinensis.    Transverse  section,  x  32.    At  the  side  an  embryo  removed  from  the  uterus,  x  200. 

develop  subsequently.     As  a  general  rule,  the  retention  of  parts  of  the  worm 
favours  suppuration  with  its  consequences,  which  are  not  infreqitently  fatal. 

With  reference  to  the  developmental  history  of  this  parasite,  the  observa- 
tions of  Fedschenko,  which  were  made  in  Turkestan,  and  his  experiments  are 
of  special  interest.  It  appears  that,  Avhen  the  embryos  become  free,  they  must 
mostly  pass  into  water  and  then  penetrate  into  an  exceedingly  minute  species 
of  crustacean,  a  cyclops.  Within  this  they  increase  somewhat  in  size,  develop 
an  alimentary  canal  and  apparently  the  rudiments  of  a  genital  organ.  Their 
further  fate  is  not  known.  It  appears,  however,  that  man  is  infected  by 
drinking  water  from  marshes  and  stagnant  pools.  The  guinea  worm  is  thus 
the  parasite  of  dry  steppes  and  deserts  in  which  thirst  leads  to  the  use  of  im- 
jmre  Avater.  Still  there  is  opportunity  for  infection  in  many  cities  and  settle- 
ments, as  is  shown  by  Samarkand.  Between  the  day  of  infection  and  the 
a])pearance  of  the  swellings  caused  by  the  worm,  there  may  be  an  interval  of 
nine  to  eleven  months. 
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32.  Filaria  Loa 

The  occurrence  of  other  filarite  in  the  bodies  of  men  and  of  animals  has 
been  repeatedly  mentioned.  While  some  of  the  latter  are  fairly  accurately 
known,  the  data  about  the  human  filaria,  other  than  the  above-mentioned 
varieties,  are  still  incomplete.  Thus  filaria  lentis  has  been  mentioned  as  being 
found  in  the  extracted  human  lens  (v.  Xordmann,  Gscheid) ;  iilaria  labiaUs 
was  observed  in  a  pustule  of  the  upper  lip  by  Pane ;  filaria  hronchialis  in  the 
bronchial  glands  of  a  phthisical  patient  (Treutler).  Filaria.  loa,  a  round 
worm,  30  mm.  in  length,  appears  to  be  frequently  found  in  the  conjunctiva  of 
negroes  in  West  Africa  (G-uyon).  It  causes  great  reddening  and  pain  in  the 
eye ;  it  sometimes  stays  in  the  deeper  parts  of  the  orbit. 

Dr.  Argyll  Robertson  has  supplied  the  translator  wdth  the  following  details: — 

The  filaria  loa  is  a  transparent  colourless  worm  of  firm  consistence,  measuring  between  20 
and  30  mm.  in  length,  and  from  0"5  mm.  to  1  mm.  in  thickness.  It  tapers  slightly  at  either 
extremity,  the  tail  end  being  more  sharply  pointed  than  the  head  extremity.  The  male  worm 
is  shorter  and  thinner,  and  has  a  more  curved  and  a  more  pointed  tail  end  than  the  female. 
It  has  also  a  series  of  large  papillary  eminences  at  the  tail  end.  The  whole  surface  of  both  the 
male  and  female  worm  is  studded  with  small  circular  transparent  tubercles,  which,  Dr. 
jManson  suggests,  serve  the  purposes  of  locomotion.  The  worm  affects  persons  who  are  natives, 
or  who  have  been  long  resident  in  "Western  Equatorial  Africa.  It  has  only  been  seen  under 
the  conjunctiva,  or  under  the  skin  of  the  eyelids,  or  neighbouring  parts  of  the  face.  In  a  few 
instances  the  parasite  has  been  removed  by  operation. 

D.  Acanthocephali 
33.  Echinorhynchus  Hominis 

The  echinorhynchi  are  parasitic  worms  which  have  no  alimentary  canal 
and  are  distinguished  by  possessing  a  retractile  proboscis,  provided  with 
numerous  hooks.  The  sexually  mature  animals  inhabit  the  alimentary  canal 
of  vertebrata.  The  sexes  are  separate.  The  females  are  distinguished  by  their 
greater  size.  The  developmental  history  has  been  accurately  traced  in  many 
species,  especially  in  the  echinorhynchus  gigas,  which  is  common  in  the  pig. 
The  fecundated  ova  escajje  with  the  contents  of  the  alimentary  canal.  Then 
the  embryos  pass  through  an  intermediate  stage  in  Avater  insects  and  their 
larvae,  and  there  develop  the  rudiments  of  sexual  organs.  These,  however,  are 
not  completely  developed  until  the  embryos  have  again  reached  the  alimentary 
canal  of  a  suitable  mammal. 

Echinorhynchus  hominis  has  been  once  found  by  Lambl  (Prager  Viertel- 
jahrschr.,  1859)  in  the  intestine  of  a  boy  of  nine  years,  who  had  died  of  leu- 
cocythsemia.  The  parasite  was  5*6  mm.  long,  0"6  mm.  broad.  Its  globular 
proboscis  had  twelve  rows  of  eight  booklets  each.  The  rudiments  of  the  female 
genital  organs  were  recognisable,  but  were  not  fully  mature. 

V.  Arachnoidea  and  Insecta 

1.  Pentastoma  Denticulatum 

The  pentastomata  belong  to  the  group  of  the  Linguatulida  or  Tongue 
Worms.  They  are  arachnoidea  imperfectly  developed,  or  perhaps  degenerated 
in   consequence   of  their   parasitic   life.     The  sexually  mature   tongue- worms 
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inhabit  the  nasal  and  frontal  cavities  of  various  animals.  The  eggs  which 
escape  externally  contain  an  embryo  which  becomes  free  as  soon  as  the  eggs 
are  introduced  along  with  food  into  the  stomach  of  rabbits  and  hares.  The 
embryos  pass  out  of  the  stomach  into  the  liver,  where  they  become  encapsuled, 
and,  after  repeated  changes  of  skin,  assume  the  form  of  the  fully  developed 
animal.  Then  the  young  animals  leave  their  capsule,  wander  through  the 
organs  of  the  host,  and  eventually  reach  the  lungs  and  the  bronchi.  They  are 
then  expectorated.  After  they  escape  externally  they  can  exist  for  a  time, 
until  they  again  reach,  either  along  with  the  food  or  in  some  other  manner, 
the  mouth,  or  pharynx  or  nasal  cavities  of  mammals,  where  they  can  become 
sexually  mature. 

Pentastcmia  denticnlatum  sometimes  also  occurs  in  the  liver  of  man.     This 

tongue-shaped  parasite  is  5  mm.  long,  and 
represents  the  early  stage  of  pentastoma 
tsenioides,  which  exists  in  its  sexually 
mature  condition  in  the  nasal  cavities  and 
frontal  sinuses  of  dogs,  horses,  and  other 
animals,  where  it  causes  severe  catarrh. 

The  sexuall}^  mature  male  is  18  to  26 
mm.  long,  the  female  70  to  130  mm. 

At  the  anterior  .  end  of  the  body  of 
pentastoma  denticnlatum  is  an  oval  mouth 
and  two  pairs  of  booklets,  which  latter 
are  to  be  regarded  as  rudimentary  limbs. 
The  cuticle  is  provided  Avith  numerous 
prickles. 

Another  variety,  pentastoma  constric- 
tum,  is  found  in  Egypt  in  the  livers  of 
negroes. 


2.  Demodex  s.  Acarus  Folliculorum 

This  parasite,  which  is  0'3  to  0*4  mm. 
long,  lives  in  dilated  hair  follicles  and 
sebaceous  glands.  It  generally  causes  no 
serious  affection.  It  has  on  its  head  a 
suctorial  proboscis  and  a  pair  of  antennae 

Fio.  95. — Pentastoma  denticnlatum,  xl7.    At  -ii      i.i  •    •    j.  t       i.\  x      • 

the  side,  hookietsmnciientei.  With   three  ]oints.      In  the  anterior  seg- 

ment of  the  body  there  are  a  median 
longitudinal  and  four  transverse  bands  as  well  as  four  pairs  of  stumpy  limbs, 
with  two  joints.  The  posterior  segment  is  transversely  annulated  and  some- 
what longer  than  the  anterior  part  of  the  body. 

3.  Acarus  Scabiei  (Itch  Insect) 

The  itch  insect,  also  called  sarcoptes  scabiei,  is  a  small  ovoid  parasite,  on 
which  w^e  can  distinguish  a  body  and  four  pairs  of  extremities.  The  male  (Fig. 
96,  a)  attains  a  length  of  0"23  mm.  It  carries  on  its  third  pair  of  legs  a  long 
bristle,  wdiile  the  other  feet  end  in  long-stalked  suckers.  The  female  (Fig.  96, 
b)  is  about  twice  as  large.  The  anterior  pair  of  limbs  alone  bear  stalked 
suckers,  while  the  hinder  limbs  end  in  long  bristles.  The  cuticle  has  small 
grooves,  and  on  the  back  spines  and  numerous  short  bristles  are  also  present. 
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The  itch  insect  is  found  in  burrows 
which  it  has  made  in  the  human  skin. 
It  generally  lies  at  the  extremity  of 
the  burrow.  The  ova  develop  in  the 
burrows  somewhat  rapidly.  In  from 
four  to  eight  days  after  the  eggs  are 
deposited  the  young  are  set  free,  and 
immediately  burrow  further  into  the 
epidermis.  The  irritation  caused  by 
the  parasites  leads  to  reddening  of  the 
skin  and  increased  production  of  epi- 
thelium, and  to  rubbing  and  scratching, 
and  thus  to  the  production  of  the  skin 
eruption  called  scabies. 

Allied  parasites  are  found  in  the 
domestic  animals,  which,  however,  settle 
on  the  human  skin  only  occasionally 
and  temporarily. 

4.  Leptus  Autumnalis  (Harvest  Mite) 

This  reddish-coloured  mite,  which  is  about 
0*3  to  0*5  mm.  long,  is  the  early  form  of  a 
species  of  trombidium  or  tetranychus.     At  the 


Fig.  90,  n.— Acarus  scabiei,  raale,  ventral  surface 
(after  Hebra), 


Fig.  96,  i.— Acarus  scabiei,  female,  dorsal  surface  (after  Hebra). 
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anterior  end  of  the  body  is  the  mandibular  apparatus,  then  follow  three  jointed  limbs.  They 
live  in  grass  and  shrubs,  and,  during  harvest-time,  pass  on  to  man,  especially  to  reapers,  and  on 
to  dogs.  Their  bites  cause  a  troublesome  irritation  of  the  skin,  and  sometimes  also  skin 
eruptions. 

5.  Ixodes  Ricinus  (Wood-beetle,  Dog-tick) 

Small,  reddish-brown,  blackish  mites,  about  1  to  2  mm.  long,  with  four  pairs  of  limbs. 
The  ticks  live  on  leaves  in  copses,  and  pass  to  sheep,  cattle,  dogs,  and  man.  The  females  bore 
their  head  into  the  skin  of  their  host  and  suck  their  fill  of  blood,  whereby  they  become  greatly 
distended. 

Man  is  also  attacked  in  the  same  way  by  the  Ixodes  Americanus  in  the  forests  of  America  ; 
the  Argas  rcfiexus,  a  mite  which  occurs  in  dove-cots  ;  Argas  2}eTS2cus  and  Argas  Tholozani  in 
Persia  ;  Argas  Chinclia,  in  Columbia  ;  Argas  Talaje,  in  Central  America  ;  and  the  cinnamon 
red  Chrithoptes  monunguiculosus,  which  occurs  in  barley. 

Anumber  of  wingless  insects  deserve  mention  on  account  of  their  presence  on  man : — Pediculus 
capitis  (the  head  louse) ;  Pediculus  vestimcnti  (the  clothes  louse)  ;  Pcdictilus  inguinalis  or 
Ijuhis  (the  crab  louse)  ;  Acanthia  {Cimex)  lectucaria  (the  bed  bug)  ;  Pulex  irritans  (the  common 
flea)  ;  Pulcx  {Sarcoiisylla)  xKnctrans  (the  sand  flea).  The  impregnated  female  of  the  last-mentioned 
species,  which  is  found  in  Central  and  North  America,  jiush  their  heads  into  the  skin,  particu- 
larly that  of  the  feet,  where  they  excite  either  a  painful  itch  or  else  cause  more  serious  lesions 
through  septic  or  pypemic  infections. 

Of  the  dipterous  insects  it  is  especially  the  larvte  (maggots)  which  sometimes  occur  in  man. 
Thus  the  larvte  of  Sarcophaga  camaria  (the  flesh  fly),  JIusca  caclavcrina  (carrion  fly),  M. 
vomitoria  (blowfly),  3L  domcstica  (ordinary  fly),  M.  stahulans  (stable  fly),  are  occasionally  found 
in  neglected  ulcers,  wounds,  in  the  external  auditory  meatus,  in  the  urethra  and  vagina,  and 
in  the  stomach.     In  the  last-mentioned  place  they  may  cause  htemorrhage  and  vomiting. 

The  larvae  of  Liicilia  hominivorax,  which  are  found  in  South  America,  cause  severe  disturb- 
ances in  the  nasal  cavities  and  frontal  sinuses  of  man.  The  larvte  of  other  tropical  diptera, 
Anthomyia  scalaris  and  canalicularis,  reach  the  human  intestine,  and  in  South  America  the 
larvfe  of  Dcrmatohia  noxialis  penetrate  the  skin  of  various  mammals  and  of  man  (Braun,  die 
thierischen  Parasiten  des  Menschen,  "VViirzburg,  1883). 
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The  introductory  observations  on  internal  causes  of  disease  have  shown  in 
general  that  they,  also,  must  be  assumed  to  depend  to  a  certain  extent  upon 
the  external  conditions  of  life.  Indeed,  investigation  of  the  internal  causes  of 
disease  by  the  inductive  method  is  only  possible  when  we  are  allowed  to  assume 
that  these  internal  causes  of  disease,  when  traced  to  their  ultimate  source, 
depend  upon  measurable  influences  of  the  external  world ;  and  examination  of 
the  older  medical  literature  shows  that  the  advance  of  knowledge  has  steadily 
diminished  the  number  of  those  diseases  which  were  supposed  to  be  mainly 
due  to  internal  causes. 

The  views  just  stated  as  regards  the  direct  immediate  causes  of  disease 
{causce  lyroximce  sive  determinantes)  are  more  or  less  generally  recognised. 
They  hold  equally  good,  however,  for  the  remote  causes  of  and  predispositions 
to  disease  {causce  rcmotce  sire  prcrclisponenfes).  Even  when  these  predisposi- 
tions are  directly  manifested  by  variations  within  normal  limits  of  the  anatomical 
structure  and  functions  of  the  organs,  the  statement  of  the  mere  fact  that  a 
definite  condition  in  certain  organs  is  to  be  regarded  as  a  predisposition  to 
disease  is  not  in  any  sense  a  final  explanation.  This  will  only  be  satisfactory 
when  the  causes  Avhich  give  rise  to  those  variations  are  discovered.  These 
causes,  however,  as  has  already  been  fully  explained,  can  only  be  examined  and 
established  by  the  study  of  the  correlation  between  the  variations  of  the 
organism  and  the  external  world.  And  should  it  at  last  appear  that  the 
processes  by  which  the  organism  is  built  up  necessarily  involves  the  production 
of  variations,  we  can  only  regard  this  as  established  with  certainty  if  these 
processes  are  seen  to  be  the  necessary  result  of  the  associated  action  of  the 
forces  of  the  external  world  which  combine  to  form  the  organism.  It  will 
easily  be  understood  that  these  most  interesting  questions  will  constantly  be 
re-examined.  The  attempts  to  answer  them  have,  no  doubt,  at  all  times, 
advanced  our  knowledge  of  the  subject ;  but  it  must  be  remembered  that,  after 
all,  little  has  been  really  settled  in  this  direction,  and  the  main  question,  the 
nature  of  the  vital  process,  still  remains  unsolved.  Inductive  research  on  this 
point  must  limit  itself  to  following  up  the  clues  already  available.  In  so 
doing,  a  phenomenon  of  great  practical  and  theoretical  importance  is  met  with, 
viz.  the  hereditary  nature  of  many  pathological  conditions,  since  all  internal 
causes  of  disease  appear  to  be  more  or  less  hereditary.  The  examination  of 
this  subject  is,  therefore,  of  special  importance  and  may  be  most  simply  carried 
out  here  by  means  of  some  examples. 

By  the  term  hcemophilia  or  "  bleeding  "  we  describe  a  pathological  condition 
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manifested  externally  by  frequently  repeated  extensive  hjemorrhages.  These 
hfemorrhages  are  usually  associated  wnth  injuries,  but  the  slight  nature  of  the 
injur}^  is  out  of  proportion  to  the  great  quantity  of  blood  lost.  An  insignificant, 
punctured,  or  incised  wound  of  the  finger,  or  an  unavoidable  injury  to  the  jaw 
during  the  extraction  of  a  tooth,  may  give  rise  to  haemorrhages,  lasting  several 
days,  which  may  very  greatly  weaken  the  patient,  and  may  often  even  cause 
death.  In  other  cases,  slight  or  severe  contusions  without  solution  of  continuity 
of  the  skin  lead  to  serious  haemorrhages  in  the  subcutaneous  cellular  tissue,  or 
even  to  fatal  subcutaneous  bleeding.  On  ]jo><t-mortem  examination,  great 
masses  of  coagulated  blood  are  found  lying  subcutaneously  and  in  the 
intermuscular  tissue,  while  the  vascular  system  and  the  internal  organs  are 
remarkably  anaemic  and  pale.  In  addition,  haemorrhages,  apparently  spontaneous 
and  with  no  external  cause,  appear  in  the  subcutaneous  cellular  tissue,  the 
nasal  cavities,  the  bladder,  and  other  organs.  A  mother  may  put  her  child  to 
bed  in  perfect  health  in  the  evening  and  next  morning  find  it  covered  with  blue 
spots,  due  to  subcutaneous  haemorrhages. 

To  explain  this  remarkable  form  of  disease,  it  was  suggested  that  the  blood 
of  these  patients  could  not  coagulate.  Observation  soon  showed,  however, 
that  the  blood  on  the  surface  of  the  wounds  in  haemophilia  does  actually 
coagulate,  and  even  that  large,  extensive  coagula  may  form  in  the  wound, 
while  the  haemorrhage  persists  deeplj'.  It  was  therefore  considered  that  it  was 
due  to  great  fragilit}^  of  the  vessels.  A  review  of  the  cases  described  appears 
to  me,  however,  to  indicate  a  somewhat  complicated  form  of  disease.  The 
occurrence  of  spontaneous  haemorrhages  does,  indeed,  require  the  assumption  of 
?i  greater  fragility  in  the  smaller  vessels  and  capillaries.  It  appears,  nevertheless, 
to  be  associated  with  two  further  disturbances.  In  the  first  place,  remarkable 
hyperaemias  are  noted  in  connection  with  the  spontaneous  hfemorrhages — that 
is,  sudden  congestion  of  individual  vascular  areas  Avhich  may  arise  from 
disfurhances  of  the  vaso-motor  innervation.  As  I  have  pointed  out  and  will 
subsequently  discuss  in  detail,  every  continued  acceleration  of  the  blood-stream 
in  an  artery  leads  to  dilatation  of  its  lumen  by  the  action  of  the  vaso-motor 
nerves.  The  dilatation  may  also  be  present  in  haemorrhages,  so  long  as  the 
extent  of  the  haemorrhage  is  insignificant,  for  every  opening  in  the  vessel  wall 
which  leads  to  haemorrhage  indicates  a  diminution  of  the  frictional  resistance 
offered  to  the  blood-stream  by  the  afferent  artery.  It  must,  therefore,  produce 
an  acceleration  of  the  stream  in  this  artery.  Under  normal  conditions, 
however,  every  large  haemorrhage  causes  constriction  of  the  aortic  system ;  the 
preliminary  dilatation  of  the  lumen  of  the  vessel  is  folloAved  by  a  constriction. 
In  hiemorrhage,  therefore,  the  actions  of  the  two  regulating  mechanisms  in  the 
vaso-motor  apparatus  neutralise  each  other.  Over-action  of  the  first,  the 
nerve  apparatus  which  causes  dilatation,  may  in  itself  explain  profuse  haemor- 
rhage. Probably  in  haemophilia,  in  addition,  the  blood  coagulates  more 
slowh',  the  time  required  for  coagulation  is  longer  than  normal,  and  it  may  be  still 
further  protracted  during  the  bleeding.  Extensive  coagula  thus  form,  but 
these  only  involve  the  blood  collecting  on  the  surface  of  the  Avound,  while 
deeply,  immediately  round  the  bleeding  vessels,  no  coagulation  which  might 
close  the  gaping  mouths  of  the  A^essels  takes  place  in  the  freshly  shed  blood. 

It  may  be  remarked,  perhaps,  that  this  explanation  is  by  no  means  simple. 
Our  knowledge  of  another  disease,  arteriosclerosis,  however,  argues  for  a 
correlation  between  the  tension  of  the  vessel  wall,  the  innervation  of  the  vessel 
wall,  and  the  composition  of  the  blood.  This  also  applies  to  chlorosis,  and 
probably  even  to  the  changes  in  the  composition  of  the  blood  found  in  certain 
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intoxications  and  infections  Avhich  lead  to  hsemorrhage.  This  correlation, 
however,  is  not  by  any  means  strange.  On  the  contrary,  it  is  to  be  expected 
that  the  composition  of  the  blood,  the  tension,  elasticity,  and  innervation  of  the 
vessel  wall  should  be  mutually  dependent  on  one  another.  The  proof  of  this 
mutually  dependent  relation  will  be  discussed  in  Chapter  VIII.  The  various 
forms  of  disease  mentioned,  which  must  not  be  confused  with  one  another, 
may,  hoAvever,  proceed  from  various  disturbances  of  this  correlation. 

Haemophilia  is  such  a  remarkable,  often  even  startling  disease,  that  it  does 
not  escape  the  observation  of  the  laity.  It  has  thus  been  possible  to  prove 
conclusively  the  hereditary  nature  of  this  disease  in  many  families  without  any 
difficulty.  Grandidier  has  collected  accounts  of  a  large  number  of  such  families 
of  bleeders.  A  very  complete  genealogical  tree  of  a  family  of  bleeders  is 
published  by  Lossen  (Fig.  97). 

It  will  be  observed  that  in  these  bleeding  families  the  great  majority  of 
the  males  are  bleeders,  while  the  female  members  of  the  family  are  entirely 
free  from  symptoms  of  disease.  They  only  transmit  the  disease  to  their  male 
children.     It  is  hard  to  say  upon  what  this  peculiar  selection  of  the  males 
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Fio.  97. — Genealogical  tree  of  the  Mainpel  family,  according  to  Lessen.    ■  Bleeders,  confined  to  the  males. 

□  Healthy  males.    0  Healthy  females. 


depends.  It  brings  to  mind  the  fact  that  the  blood,  even  in  normal  conditions, 
shows  quantitative  differences  in  chemical  composition  in  the  two  sexes.  In 
other  bleeding  families,  also,  it  is  observed  that  the  males  only  are  affected. 
Sometimes  this  relation  varied  so  that  the  disease  was  directly  inherited  by 
the  male  progeny  from  the  father. 

Another  hereditary  disease  manifests  itself  by  the  symptom  of  polyuria.  In 
their  first  year,  or  Avhile  still  at  the  breast,  the  children,  in  such  cases,  excrete 
an  excessively  large  quantity  of  urine  and  show  corresponding  increase  in 
thirst.  This  latter  appears  as  a  secondary  symptom,  due  to  the  need  of 
supplying  the  water  removed.  The  disturbance  persists  in  the  same  manner 
even  in  later  life.  The  urine  is  almost  colourless  and  of  very  low  specific 
gravity  (1001-1003),  very  slightly  acid.  The  quantity  of  urine  voided  in 
twenty-four  hours  varies  in  different  individuals  from  5  to  15  litres.  Weil  has 
compiled  the  genealogy  of  a  family  suffering  from  this  disease  (Fig.  98).  In 
this  figure  also  the  males  of  the  family  are  represented  by  a  square,  the  females 
by  a  circle.  In  the  case  of  those  individuals  who  suffered  from  polyuria,  the 
square  or  circle  is  filled  in  in  black.  The  descendants  of  a  father  suffering  from 
polyuria  are  five  children,  twenty-nine  grandchildren,  and  fifty-six  great-grand- 
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children — in  all,  ninety-one  persons.  Of  these,  twenty-three  suffer  from  polyuria 
(diabetes  insipidus),  namely,  the  father,  three  children,  seven  grandchildren,  and 
twelve  great-grandchildren.  The  disease  was  inherited  fairly  equally  by  the 
two  sexes.  A  definite  percentage  of  the  descendants,  certainly  not  equally 
large  in  all  genex'ations,  were  affected,  and,  in  this  case,  it  was  only  those 
affected  who  transmitted  the  disease  to  their  descendants. 

At  present  it  would  be  useless  to  ask  whether  in  hereditary  polyuria  an 

abnormal  condition  of  the  filtering 
apparatus  in  the  kidney,  or,  perhaps, 
a  disturbance  of  the  vaso-motor  inner- 
vation of  the  kidneys  is  inherited. 
That  nervous  disturbances  are  heredi- 
tary in  a  very  high  degree  is  not  only 
proved  by  the  experiences  of  specialists 
in  mental  disease,  as  regards  insanity. 
Colour-blindness  (Daltonism)  and  night - 
blindness  are  affections  of  the  ner- 
vous apparatus  of  the  retina  which 
are  both  hereditary.  The  latter  is 
frequently  associated  with  abnormal 
pigmentation  of  the  retina  (retinitis 
•pigmentosa)  and  appears  especially  to 
affect  those  families  in  which  inter- 
marriage is  frequent. 

Heredity  is  by  no  means  limited 
to  the  nervous  system.  In  support  of 
this,  we  have  the  hereditary  occurrence 
of  jyrogressive  muscular  atrophy,  cataract, 
ncevus  or  mother's  mark,  the  connective 
tissue  tumour  formations  { fibroma) 
of  tlie  mamma,  certain  new  formations 
in  bone  (exostoses),  and  lastly,  dvxirfism 
(microsomia,  nanosomia).  It  is  note- 
worthy that  there  are  many  points 
of  agreement  between  the  behaviour  of 
hereditary  disease  and  the  facts  ascer- 
tained concerning  the  heredity  of  family 
likeness.  Just  as  the  son  not  infre- 
quently resembles  the  mother  and  the 
daughter  the  father,  so  in  the  same 
way  a  crossed  heredity,  certainly  one- 
sided, is  found  in  haemophilia.  It  has 
further  been  observed  that  children 
who  resembled  the  mother  in  early 
life  in  after  years  become  like  the  father ;  Avhile,  in  other  cases,  the  resem- 
blance to  the  father,  which  was  at  first  present,  gives  place  to  a  resemblance 
to  the  mother.  This  may  be  ascribed  to  late  manifestation  of  the  resemblance 
and  may  be  brought  into  line  with  the  fact  that  many  hereditary  diseases  only 
manifest  themselves  in  later  years  (hereditary  cataract,  retinitis  pigmentosa).  In 
other  cases,  they  are  apparent  at  birth.  Lastly,  the  fact  that  hereditary  diseases 
sometimes  pass  over  one  or  more  generations  reminds  us  of  the  phenomenon  of 
atavism. 
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These  analogies  might  be  carried  further.  Investigation,  however,  cannot 
stop  here.  It  must  rather  search  for  the  external  causes  which  induced  the 
disease  in  the  affected  person  who  transmitted  the  disease  to  his  descendants, 
in  cases  of  apparently  inexplicable  diseases  and  inherited  predisposition 
to  diseases.  In  this  connection  two  widespread  diseases,  angiosderosis  and 
tuberculosis,  may  perhaps  be  favourable  subjects  to  begin  with.  In  both  these 
affections  external  causes  of  disease  have  been  pointed  out,  although  of  very 
difiering  characters ;  both  diseases  are  frecjuently  associated  with  characteristic 
appearances  in  the  figure  and  skeleton,  and  for  both  hereditary  predispositions 
appear  to  exist.  The  hereditary  nature  of  the  predisposition  to  tuberculosis  is 
very  probable  in  man  and  Cjuite  certain  in  some  members  of  the  animal  kingdom. 
In  the  same  way,  a  hereditary  weakness  of  the  vascular  system,  such  as  a 
disposition  to  angiosclerosis  or  arteriosclerosis,  is  very  probable.  There  is 
a  great  mass  of  statistics  concerning  this  disease,  but  a  lack  of  accurate  observa- 
tions of  separate  families  followed  through  several  genex'ations.  It  is  possible 
for  house  physicians  and  for  hospitals  and  dispensaries  in  small  towns  to 
obtain  these.  This  would  involve  much  trouble,  but  would,  however,  serve,  to 
a  great  extent,  to  clear  up  the  subject.  As  soon  as  the  most  recent  develop- 
ment in  medicine,  etiological  investigation,  has  been  fully  worked  out  in 
relation  to  intoxications  and  infections,  as  soon  as  the  first  results  have  been 
obtained  in  the  etiology  of  the  diseases  of  the  vessels,  the  etiology  of  heredity 
mav  be  successfullv  investigated. 
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CHAPTEE    VI 

MALFORMATIONS 

General 

Malformation  is  the  term  applied  to  disturbances  of  the  anatomical  structure 
of  the  body  which  originate  in  tlie  embryonic  and  foetal  periods  (toxda,  vitia 
congenita).  Malformations  of  slight  importance  are  anomalies  or  abnormalities, 
especially  if  they  relate  to  single  elements  of  the  anatomical  structure,  such  as 
the  anomalous  course  of  an  artery.  More  evident  deviations  from  normal, 
however,  seen  in  the  newly-born  child,  have  been  called  monsters.  From  early 
times,  until  the  appearance  of  Lemery,  Winslow,  and  A.  v.  Haller,  they  were 
regarded  as  wonders,  generally  of  evil  omen. 

Winslow  and  Haller  advanced  the  theory  that  the  malformation  is  the  result 
of  a  primary  anomaly  in  the  ovum,  present  before  fecundation,  while  I^emery 
supposed  the  monsters  to  indicate  disturbances  of  embryonic  development,  such 
as  pressure  and  other  external  injuries.  Later,  when  the  developmental  history 
of  man  and  animals  was  more  accurately  known,  J.  F.  Meckel  and  Geoftrey  St. 
Hilaire  (father  and  son)  dealt  with  teratology  separately  and  directed  attention 
to  the  arrest  of  normal  development  and  the  cessation  of  growth  at  early  stages  of 
development.  The  great  mass  of  literature  which  followed  was  carefully  reviewed 
by  Forster  in  the  beginning  of  the  year  1860.  After  repeated  and  considerable 
additions  to  our  knowledge  in  this  subject  had  been  made,  Ahlfeld  worked  it 
up  anew,  considerably  enriched  it,  and  recapitulated  it  in  a  large  book  of  plates. 
Notwithstanding  this,  the  etiology  of  malformation,  as  it  now  stands,  is  very  im- 
perfectly known.  Heredity  has  to  be  considered  in  many  cases.  The  presence  of 
supernumerary  fingers,  the  absence  of  single  fingers  and  toes,  hare-lip  especially, 
are  often  observed  throughout  many  generations  in  the  same  families.  Single 
generations  may  be  passed  over,  or  the  malformation  may  be  confined  to  the 
male  or  to  the  female  descendants.  Caution  must  be  exercised  in  drawinsr 
a  conclusion,  if  several  children  of  the  same  mother  manifest  malformation, 
as  there  may  be  some  abnormal  conditions  in  the  reproductive  organs  of  the 
mother. 

Diseases  of  the  fretus  are  also  important  as  regards  the  origin  of  malformations. 
(Edematous  effusions  into  the  membranes  and  tissues  of  the  developing  embryo 
give  rise  to  formation  of  fissures,  by  preventing  the  closure  of  the  various 
invaginations  and  involutions  of  the  layers  of  the  embryo.  Adhesions  between 
embryo  and  amnion  lead  to  deformities,  to  the  formation  of  fissures,  and  even 
to  separation  ot  some  parts  from  the  body.  In  the  same  way,  valvular  affections 
are  observed  in  the  foetal  heart  similar  to  the  valvular  diseases  of  extra-uterine 
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life.  Under  certain  circumstances,  they  give  rise  to  considerable  disturbances 
in  the  development  of  the  heart  and  blood-vessels.  The  circulatory  dei'ange- 
ments  which  may  occur  in  twins  from  one  ovum,  as  the  result  of  an  anastomosis 
of  the  vascular  system  in  the  two  individuals,  are  still  more  important.  They 
lead  to  excessive  accumulation  of  amniotic  fluid,  to  congestion  in  the  venous 
system,  to  congestion  in  the  liver,  and  to  other  serious  manifestations  of  disease. 
In  these  cases,  the  origin  of  the  fretal  disease  may  be  indicated  with  some 
certainty.  In  other  cases,  its  etiology  is  to  be  looked  for  in  more  or  less 
evident  pathological  conditions  of  the  parents,  or  in  intoxications,  infections,  or 
injuries  which  extend  to  the  embryo  during  intra-uterine  life. 

Particular  attention  has  been  devoted  to  injury,  as  well  as  to  external 
influences  of  various  kinds.  The  elder  Geoflfrey  St.  Hilaire,  Panum,  Dareste, 
L.  Gerlach,  0.  and  R.  Hertwig,  and  Roux  have  attempted  to  cause  malforma- 
tions experimentally  in  the  eggs  of  birds  and  frogs.  Shaking  the  egg,  tapping, 
partial  varnishing,  unequal  warmth,  slightly  raising  or  diminishing  the  tempera- 
ture during  incubation,  erect  position  of  the  egg,  according  to  their  views, 
produce  double  monsters  especially,  but  only  if  applied  within  the  first  forty- 
eight  hours  of  incul)ation.  In  other  cases,  the  interference  gives  rise  to  a  de- 
rangement of  the  embryonic  vascular  system  and  deficient  blood  formation,  which 
causes  further  impairment  of  the  nutrition  of  the  embryo  and  leads  to  numerous 
malformations. 

Malformations  have  still  another  interest  as  regards  the  diolo(/j/  of  disease  from  the 
fact  that,  on  their  part,  they  are  the  cause  of  further  disturbances.  ]\Iany  of  the 
more  considerable  malformations  may,  by  their  serious  nature,  render  extra- 
uterine life  impossible.  Amongst  those  we  class  the  more  extensive  disturbances 
of  the  central  nervous  system,  as  well  as  the  more  severe  malformations  of  the 
vascular  system.  Occlusion  of  the  oesophagus  or  anus  may  also  be  partly 
included  in  this  group.  In  other  cases,  the  malformation  constitutes  a  permanent 
danger  to  life,  as,  for  instance,  prolapse  of  the  brain  membranes  or  portions  of 
the  brain  below  a  closed  covering  of  the  skin.  Still  more  frequently  the 
malformation  gives  rise  to  disturbances  of  the  functions  of  the  organs,  and 
sometimes  acts  as  a  predisjDOsition  to  disease.  Lastly,  certain  varieties  of 
malformation  are  closely  related  to  pathological  tumour  formations.  It  is 
desirable,  therefore,  to  give  a  short  account  of  the  most  important  varieties  of 
malformations,  especially  of  those  which  involve  the  general  structure  and 
external  configuration  of  the  body  ;  while  a  more  minute  consideration  of  the 
malformations  of  the  individual  organs  must  be  deferred  to  the  part  dealing 
with  special  j^athological  anatomy,  where  their  importance  may  be  more 
fully  considered  in  much  shorter  space. 
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I,  Double  Monsters  {Monstra  DupUcia) 

In  many  pregnancies  several  embryos  develop  in  the  uterus,  and,  according 
to  their  number,  are  stjded  twins,  triplets,  quadru2)lets,  quintuplets,  etc. 
Speaking  generally,  there  are  two  different  origins  possible.  Either  several 
separate  ova  attain  development  in  the  uterus,  so  that  each  embryo  has  its 
special  amnion  and  chorion,  or  one  or  more  embryos  arise  from  the  one  ovum. 

In  the  latter  case,  we  speak  of  homologous  twins  and  triplets.  Each  embryo 
then  has  its  own  amnion,  while  the  chorion  is  common.  In  few  cases,  however, 
the  septum  existing  between  the  various  amniotic  cavities,  may  be  absent  or 
atrophied,  so  that  the  embryos  lie  in  a  common  amnion.  Twins  and  triplets 
from  one  ovum  are  always  of  the  same  sex  and  show  remarkable  similarity  in 
their  external  appearance,  sometimes  even  after  extra -uterine  growth  is 
completed.  In  connection  with  their  origin,  it  must  be  assumed  that  in  one 
ovum  there  are  two  or  three  separate  embryonic  areas.  Ova  with  those  mul- 
tiple embryonic  areas,  but  in  an  earlier  stage  of  development,  have  been 
repeatedly  described  in  vertebrated   animals,   in   birds,  and   fishes  (Fig.    99). 


Fig.  99. — Tv.in  formation  in  the  salmon.    Arrest  of 
development  in  one  individual  (after  Knocli). 


Fig.  100. — Partial  duplication  in  the  perch 
(after  v.  Baer). 


Corresponding  observations  in  man,  however,  are  limited  to  the  results  obtained 
from  the  investicration  of  older  embrvos. 

Double  formations  are  pathological  when  the  union  between  the  twins  is 
abnormally  great.  In  describing  these  conditions,  we  can  distinguish  between 
cases  of  complete  duplication  of  the  axis  of  the  embryonic  rudiment  from  those 
of  partial  dujDlication. 

Complete  duplication  of  the  emhryonic  rudiments  results  in  a  double  development 
of  the  central  nervous  sj^stem  at  least,  while  the  remaining  parts  may  be  more 
or  less  completely  united.  Anastomoses  of  the  placental  vessels  are,  however, 
always  present,  even  in  separate,  normally  formed  homologous  twins  and  triplets, 
so  that  this  union  of  the  vessels  may  Ije  regarded  as  representing  the  slightest 
degree  of  their  union. 

In  partial  duplication  of  the  axis  of  the  germinal  area  the  embryo  formed  is 
more  or  less  doubled  at  the  head  or  the  coccyx,  Avhile  the  other  extremity  of 
the  body  is  single.  Double  formation  was  originally  supposed  to  be  due  to  an 
adhesion  between  the  two  ova  with  disappearance  of  the  parts  at  the  site  of 
the  adhesion,  an  opinion  which  has  already  been  opposed  by  Winslow  and  von 
Haller.  Wolff",  Reichert,  von  Baer,  and  d'Alton  have,  however,  found  ova  of  the 
lower  animals  at  early  stages  of  development  which  directly  showed  the  mode 
of  origin  and  growth  of  double  formations  and  double  monsters  (Fig.  100). 

These  observations  on  the  ova  of  animals  prove,  in  the  first  jjlace,  and  in 
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an  irrefutable  manner,  the  possibility  of  the  development  of  a  double  formation 
from  one  ovum.  The  observations  became  of  more  general  importance  when 
it  became  clear  that  human  double  monstrosities  also  had  the  essential  charac- 
teristics of  twins  derived  from  one  ovum.  They  have  a  common  chorion, 
usually  a  common  amnion.  The  individuals  combined  to  form  a  double 
monster  are  always  of  the  same  sex,  female  double  monstrosities  being  about 
twice  as  numerous  as  male  ones.  Lastly,  it  appears  also  that  in  double  monsters 
symmetrically  situated  parts  are  always  united.  If  previously  separated  ova 
could  unite  to  for-m  a  double  monster,  embryos  of  different  sex  must  occasionally 
fuse,  but  this  condition  has  never  been  observed.  Union  of  different  asym- 
metrical parts  of  the  body  would  also  be  found  occasionally. 

There  can  thus  be  no  doubt  that  double  monsters  may  be  formed  from  one 
ovum.  It  is  much  more  difficult,  however,  to  determine  the  nature  of  the  dis- 
turbances in  the  ovum  which  produce  the  malformation.  Von  Baer,  Reichert, 
Forster,  and  Ahlfeld  incline  to  the  view  that  there  is  a  division  of  the  previously 
single  germinal  area.  Barkow,  Claudius,  and  Panum,  on  the  other  hand,  thought 
the  duplication  must  arise  from  the  fusion  of  several  germinal  areas  formed 
in  the  same  ovum.  Somewhat  similar  vieAvs  were  held  by  Eauber,  who, 
however,  suggested  a  new  theory  concerning  the  mode  of  formation  of  the 
germinal  areas,  regarding  them  as  separate,  radially  directed  outgrowths  from 
a  common,  circular,  marginal  zone,  which  subsecpiently  became  fused.  No 
conclusion  as  regards  these  views  can  be  expected  until  the  information  obtained 
is  somewhat  fuller.  Some  researches  by  Born,  however,  show  that  in  double 
formation  in  the  ovum  of  the  pike  the  two  first  cleavages  are  like  those  of 
normal  ova,  so  that  the  malformation  is  only  manifested  later. 
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1.  Duplicitas  Axialis  Totalis 

The  duplication  of  the  whole  of  the  axial  structures,  especially  of  the  central 
nervous  system,  was  said  above  to  proceed  from  a  complete  duplication  of  the 
axis  of  the  embryonic  rudiment.  Since,  in  addition  to  this,  the  parts  Avhich 
are  not  included  in  the  axial  structures  are  doubled  to  a  greater  or  less  extent, 
we  may  distinguish  the  following  varieties  : — 

(«)  Fusion  of  the  Double  Formation  confined  to  the  Placenta  and  its 
Appendages  ;  the  Bodies  of  the  Twins  separate 

{a,  a)  Equally  developed  and  separate  twins,  homologous  or  derived  from  one  ovum. 
As  in  all  double  formations,  the  chorion  is  single,  the  amnion  is  single  or  double. 
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The  two  placentse,  originally  distinct  as  the  two  allantoic  vesicles,  lie  close 
beside  one  another,  and  invariably  show  anastomosis  of  their  vessels  (Hiiter, 
Hyrtl,  Schatz,  Kiistner).  As  a  rule,  the  anastomosing  blood-vessels  are  seen 
to  be  capillaries  and  arteries ;  but  in  some  of  the  cases  the  placental  veins 
also  anastomose.  The  two  umbilical  cords  may  also  lie  in  a  common  amniotic 
membrane  for  a  certain  distance.  The  single  cord  thus  formed  bifurcates 
before  it  reaches  the  bodies  of  the  completely  separated  embryos.  The 
size  and  weight  of  these  twins  from  one  ovum  are  almost  without  exception 
below  the  normal.  The  resemblance  between  the  twins  is  sometimes  so 
complete  that  malformations  of  individual  organs,  such  as  imperfect  development 
of  the  central  nervous  system,  the  genital  organs,  or  the  fingers,  occur  in  the 
same  manner  in  both  twins. 

(i,  h)  Tioins,  homologous  and  sejyarate,  uneqvMlly  develoioed. — The  unequal 
development  of  separate  homologous  tAvins  is  a  very  common  phenomenon. 
The  one  embryo  is  then  larger  than  the  other,  but  both  may  develop  without 
any  serious  pathological  change  until  the  termination  of  pregnancy.  In  other 
cases  this  change  is  considerable.  In  one  embrvo  hydramnios  may  appeal^  or  it 
may  become  transformed  into  a  shapeless  rudiment,  acardiacns.  In  other  cases 
the  one  embryo  dies  and  is  either  born  prematurely  or  is  only  cast  off  as  a,fcetus 
])aj)yraceus  or  fcetus  sanguinolenhis  after  the  living  twin  has  reached  maturity. 
These  pathological  processes  are  very  frequently  dependent  ujDon  circulatory 
disturbances  due  to  the  anastomosis  of  the  vessels  in  the  two  placenta?,  so 
that  these  must  be  considered  in  detail.  Claudius  was  certainly  the  first  to  deal 
with  this  question  successfully,  and  to  give  us  a  completel)'  satisfactory  sketch  of 
the  developmental  history  of  the  acardiac  monster.  More  recently,  Schatz  and 
Kiistner,  especially,  have  attributed  the  hydramnios  in  homologous  twins  to 
these  circulatory  disturbances,  although  their  views  differ  somewhat. 

In  my  opinion,  Kiistner's  theory  is  perfectly  correct.  It  can,  however,  be 
directly  confirmed  by  examination  of  the  development  of  the  vascular  sj'stem, 
and  be  brought  into  close  relation  Avith  the  other  circulatory  disturbances  of 
the  fcetus  and  with  those  of  the  adult. 

From  my  previous  investigations  on  the  normal  growth  of  the  arteries  and 
on  many  diseases  of  the  fully  formed  vascular  system,  a  law,  as  yet  universally 
corroborated,  has  been  obtained  which  may  be  briefly  expressed  as  follows : — 
persistent  acceleration  of  the  blood -stream  leads  to  a  dilatation  of  the  blood-vessels, 
vjhereas  persistent  retardation  of  the  blood-stream  produces  constriction.  Associated 
with  the  dilatation  there  is  an  increase  in  thickness  of  the  vessel  Avail,  and  that 
chiefly  in  the  muscular  layer ;  while  the  muscle  of  the  vessel  Avail  diminishes 
in  bulk  Avhen  the  channel  of  the  stream  is  narroAved.  In  the  latter  case, 
connectiA'e  tissue  derived  from  the  endothelium  is  found  on  the  inner  aspect 
of  the  vessel,  formed  in  its  intima,  under  circumstances  which  cannot  be  more 
fully  dealt  Avith  here.  ObserA^ations  in  reference  to  this,  made  on  the  area 
vasculosa  of  the  chick,  proved  to  me  that  these  conclusions  are  equally  applic- 
able to  the  embryonic  development  of  the  vascular  system. 

In  the  netAvork  of  the  capillaries  of  the  embryonic  area,  Avhich  are,  at  first, 
uniform  in  calibre,  veins  and  arteries  are  formed  from  those  channels  Avhich  are 
chiefly  selected  by  the  blood -stream.  Those  capillaries  in  Avhich  the  stream 
is  actiA'e  become  dilated,  and  thus  lead  to  a  dift'erentiation  in  the  character  of 
the  vessels.  This  is  carried  further  by  the  groAvth  in  length,  diameter,  and 
thickness  of  the  Avail  in  the  vessel,  Avhich,  to  begin  Avith,  had  only  been  slightly 
dilated.  Another  factor  then  appears,  viz.  the  disappearance  of  those  capillary 
channels  through  Avhich  the  blood  floAvs  in  smaller  quantity. 
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In  Fig.  101a  part  of  the  capillary  network  of  the  vascular  area  of  a  chick 
in  the  forty-eighth  hour  of  incubation  at  37°  C.  is  given,  magnified  thirty  times. 
The  portion  of  the  capillaiy  network  situated  below,  on  the  left,  is  directly 
supplied  by  the  peripheral  end  of  the  primitive  aorta,  s,  and  the  arrows  show 
the  further  course  of  the  blood-stream.  It  is  clear  that,  in  such  a  capillary 
network,  the  rate  of  flow  throughout  its  whole  extent  cannot  be  equal.  Direct 
observation,  indeed,  shows  the  opposite.  A  few  channels,  distinguished  by 
greater  Avidth  («,  h,  f),  have  a  more  rapid  flow  of  blood  and  become  trans- 
formed into  arterial  branches  (Fig.  102).  The  more  these  wider  channels  are 
selected  by  the  blood -stream,  however,  the  smaller  is  the  stream  passing 
through  the  remaining  part  of  the  capillary  network,  and  this,  accordingly, 
suff"ers  retrograde  changes  (Fig.  102). 

Fig.  102  was  drawn  by  low  magnifying  power,  enlarging   25*4  times,  the 
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Fig.  101. — Part  of  the  capillary  network  of  the  area  vasculosa  in  the  chick  at  the  forty-eighth  hour  of 
incubation,  x  30.    Largest  diameters  of  the  area  vasculosa,  10'5  by  10  mm. 

magnification  being  in  such  a  proportion  that  the  area  vasculosa  of  the 
younger  chick  appears  as  large  as  that  of  the  older.  Surfaces  identical 
in  size  may  therefore  be  directly  compared.  It  is  thus  easily  proved  that 
whole  series  of  capillaries  are  absent  or  are  just  disappearing,  whereas  the 
channels  selected  by  the  blood-stream  have  become  wider,  and  have  gradually 
assumed  the  characters  of  arteries,  while  losing  their  immediate  connection  with 
the  capillaries.  This  account  would,  however,  not  be  complete,  if  it  were  not 
mentioned  that,  simultaneously,  the  capillary  channel  is  extending  in  other 
directions.  Details  cannot,  however,  be  entered  upon.  All  that  can  be  done  here 
is  to  give  a  general  outline  of  the  law,  according  to  which  the  capillaries  change 
into  larger  vessels.  The  details  will  be  found  in  my  work  quoted  at  the  end  of 
the  chapter. 

The    same   obedience   to   law   which   is   present   in   the  formation   of  the 
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individual   branches    of   the    vessels,   is   also   observed   in  the   whole    of  the 
germinal  area. 

I  shall  not  discuss  the  earliest  stages,  the  paired  rudiment  of  the  heart 
(Dareste,  Hensen,  Kolliker),  the  first  movements  of  the  blood,  and  the  develop- 
ment of  the  marginal  veins,  although  the  mechanical  relations  of  the  parts 
appear  just  as  distinctly  as  later,  when  the  circulation  is  well  developed.  After 
this  latter  condition  has  been  reached,  it  is  easily  seen  that  even  the  paired 
arrangement  of  the  rudiment  of  the  vascular  system  is  sacrificed  to  these 
mechanical  laws.  The  arterial  blood  passes  into  the  germinal  area  by  two  large 
arteries,  entering  at  right  angles  to  the  long  axis  of  the  body  of  the  embryo. 


Fio.  102. — The  same  portion  of  the  area  vasculosa  of  tlie  chick  after  fifty-seven  hours'  incubation. 
Magnified  25'4  times.     Greatest  diameter  of  the  area  vasculosa,  12  by  12-4  mm. 


the  arterite  omphalo-mesentericse.  The  blood  then  flows  through  the  capillaries 
in  a  centrifugal  direction,  until  it  is  collected  by  the  marginal  veins,  the  vena 
sive  sinus  terminalis,  and  is  conducted  back  to  the  heart  by  the  omphalo- 
mesenteric veins  (Fig.  103).  At  first  two  pairs  of  veins  are  present  in  addition 
to  the  pair  of  arteries ;  but  in  Fig.  103  these  have  become  unequal  in  size,  and 
later,  only  an  anterior  and  a  posterior  omphalo-mesenteric  vein  are  usually 
present.  The  coarse  of  the  blood  in  the  vascular  area  is  determined  by  the  vis-a- 
tergo  of  the  heart.  If  the  fluid  in  a  round,  flat  glass  vessel  or  plate  be  set  in 
motion  from  the  centre  in  two  opposite  directions,  two  streams  are  formed 
which  flow  in  the  same  directions  as  those  of  the  e;erminal  area.  The  maxi- 
mum  speed   of  the   stream   is   in   the  directions  indicated  by  the   arrows  in 
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the  scheme  in  Fig.  103.  In  these  directions,  accordingly,  the  arterial  and 
venous  channels  develop,  while  the  originally  paired  rudiments  of  the  anterior 
and  posterior  veins  are  converted  into  unpaired  vessels. 

In  double  formation  a  somewhat  complicated  problem  is  set,  since  the  de- 
velopment of  two  hearts  creates  two  centres  for  the  movement  of  the  blood  and 
the  development  of  the  vessels.  The  facts  which  have  been  obtained  relative 
to  this  are  still  limited,  as  far  as  the  first  stages  of  development  are  con- 
cerned. I  have  therefore  borrowed  from  Dareste's  work  the  drawinc;  of  the 
embr}- onic  area  of  a  double  monster,  in  which  two  embryos  with  separate  hearts 
are  united  at  the  anterior  pole  (Fig.  104).  The  size  of  the  two  embryos  is  not 
quite  identical,  that  on  the  left  in  the  illustration  being  somewhat  larger.     It 

any  case, 


is    not    certain  whether    this  is  due  to    accident    in    drawius.     In 


Fig.  103. — Vessels  from  a  chick  embryo  on  the  third  day  of  incubation. 

however,  the  portion  of  the  vascular  area  belonging  to  this  embryo  is  much 
smaller.  If  we  seek  to  account  for  the  occurrence  of  such  inequalities  in  the 
development  of  the  arteries  and  veins  in  the  common  area  vasculosa,  it  must  be 
borne  in  mind  that  its  capillary  netwoi'k  is  in  uninterrupted  connection  through- 
out. When  the  two  hearts  are  developed,  there  is  necessarily  a  struggle  for 
supremacy  between  the  two  centres  for  the  circulation  of  the  blood.  The  heart 
which  works  with  greater  force  will  send  a  greater  and,  therefore,  a  more  rapid 
stream  of  blood  into  the  common  capillary  area.  The  arteries  and  veins 
supplied  by  it  will  therefore  increase  their  lumen  more  rapidly,  and  will  also 
extend  their  formation  further  into  the  common  capillary  network.  Thus  the 
stronger  of  the  two  hearts  comes  to  supply  the  greater  part  of  the  common 
embryonic  area,  as  may  be  seen  in  Fig.  104.  The  inequality  of  function  in  the 
two  hearts  may  be  more  considerable  in  other  cases,  so  that  the  share  of 
one  embryo  in  the  common  capillary  network  may  be  very  small. 
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Certain  facts,  which  will  be  considered  later,  force  us  to  assume  that  the 
capillary  network  of  the  body  of  the  one  embryo  is  also  finally  supplied  by  the 
blood-stream  of  the  other.  When  this  occurs,  the  weaker  heart  loses  all  its 
function,  and  the  one  embryo  appears  as  the  parasite  of  the  other.  It  is  a  fact 
fully  established  by  experience,  that  these  parasites  afterwards  show  consider- 
able imperfection  in  their  bodily  development.  A  similar  condition  arises, 
however,  when  the  development  of  the  one  heart  is  absent  in  double  formations, 
as  has  been  represented  in  Fig.  105. 

The  struggle  for  supremac}^  between  the  two  hearts  takes  place  in  an 
exactly  similar  fashion  in  unequally  developed,  separate,  homologous  twins. 
The  starting-point  is  formed  by  the  placenta?,  which  touch  each  other,  and 
whose  vessels  anastomose,  as  has  already  been  mentioned.  The  vascular 
anastomosis  is  not  primary,  however.  It  only  occurs  after  the  allantoic 
vesicles  of  the  embryos  in  the  double  formation  have  touched  each  other.  For 
this  reason,  the  vascular  ramification  of  boih  placentae,  a  and  5,  appears 
separately    in    Scheme    I.,    Fig.    106,    but    a   connection    betAveen    them    is 
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Fig.  104.— Double  monster  in  the  chick  (after  Dareste). 


Fig.  105.— Double  formation  in 
the  chick  with  one  heart  (after 
Dareste). 


invariably  formed  later.  If  the  force  of  one  heart  exceeds  the  other,  there- 
fore, its  more  powerful  blood-stream  usurps  a  portion  of  the  placenta  of  the 
other  twin  also  (Fig.  106,  Scheme  II.)  The  condition  which  results  in 
liijdramnios  is  thus  brought  about.  Because  of  the  unusual  extent  of  the 
placental  area,  the  heart  of  the  stronger  foetus  undergoes  further  enlargement 
and  the  renal  secretion  is  thus  augmented,  causing  an  increase  in  the  quantity 
of  the  liquor  amnii  of  the  stronger  fcetus.  A  time  comes  subsequently  when 
the  increasingly  hypertrophied  heart  of  the  stronger  foetus  becomes  in- 
competent. The  result  is  congestion  of  the  venous  system,  increased  transuda- 
tion into  the  amnion,  and  thus  hydramnios  of  the  better-developed  ovum. 
The  other  ovum  is  retarded  in  its  development,  and,  as  a  rule,  an  abnormally 
small  amount  of  fluid  is  formed  in  its  amnion.  It  is  worthy  of  note,  however, 
that  the  increase  of  fluid  in  the  one  amnion  more  than  makes  up  for  the  lessened 
production  in  the  other,  so  that  the  total  result  causes  a  considerable  increase 
in  the  volume  of  the  uterus. 

These  are  the  essential  features  of  Kiistner's  theory  of  hydramnios.     The 
author  has,   however,    clearly  pointed    out  that  the    causes  of  the    unequal 
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development   of   the   twins  may   manifest  themselves  in  very  different   ways 
anatomically — a  matter  that  cannot  be  more  closely  touched  upon  here. 

When  the  inequality  in  the  development  of  the  two  circulatory  systems  is 
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more  marked,  it  may  happen  that  the  one  heart  usurps  the  whole  of  the 
vascular  area  of  both  placentae  (Fig.  106,  Scheme  III.)  This  results  in  the 
death  of  the  Aveaker  foetus,  since  it  loses  all  interchange  with  the  maternal 
blood.  If  this  occurs  before  the  fourth  month  of  pregnancy,  the  dead  fcetus  is, 
as  a  rule,  compressed  against  the  wall  of  the  uterus  by  the  other  twin,  and  its 
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tissues  undergo  an  evidently  passive  form  of  simple,  chemical,  and  histological 
decomposition,  associated  with  dehydration,  and  accomplished  without  the  inter- 
vention of  microlaes.  The  f(£tu&  papyraceus  is  formed.  In  well-marked  cases, 
at  least,  the  foetus  does  actually  have  the  consistence  of  a  piece  of  thick 
parchment,  and  may  easily  be  overlooked  between  the  foetal  membranes.  It 
is  more  or  less  perfectly  flattened,  and  is  generally  covered  by  a  thin  laj-er 
of  desquamated  fatty  epithelium. 

Should  the  death  of  the  weaker  twin  occur  in  the  later  stages  of  pregnancy, 
however,  it  generally  undergoes  a  peculiar  form  of  maceration  which  also  occurs 
without  the  participation  of  microbes.  The  result  of  this  maceration  appears  as 
the  foetus  sanguinolentus.  This  is  reddish  or  Ijrownish-red  in  colour,  and  the 
epidermis  is  raised  into  a- esicles  l)y  a  yellowish  or  reddish  fluid.  The  epidermis 
may  be  stripped  off  in  long  shreds  without  difiiculty.  In  the  serous  cavities, 
also,  a  large  c^uantity  of  a  more  or  less  red  fluid  is  found.     All  the  tissues  are 


Fig.  107. — Acardiacus  amoi'iiliu.s  (after  Ahlfeld). 


extremely  soft  and  saturated  with  a  red  fluid.  The  subcutaneous'  cellular 
tissue,  especially  the  scalp,  is  not  infrequently  oedematous. 

In  rare  cases  the  dead  foetus  may  undergo  a  true  inira-uterine  jndrefadion,  if 
putrefactive  germs  by  any  means  gain  access  to  it  through  the  os  uteri. 

It  is,  of  course,  understood  that  other  causes  may  bring  about  the  death  of 
the  foetus  ;  hfemorrbages  into  the  placenta,  for  instance,  very  extensive  torsion 
of  the  umbilical  cord,  etc.  The  iiod-moi'tem  changes  mentioned  also  take  place 
in  twins  and  triplets  from  more  than  one  ovum,  should  one  or  more  of  them 
die  from  any  cause.  It  is  of  special  interest  in  this  connection,  however,  that 
the  circulatory  disturbances  mentioned  can  cause  such  a  result,  since  such  facts 
supply  the  clue  to  the  meaning  of  a  peculiar  double  monster,  the  fcetus  acardiacus 
or  acardiac  monster.  It  may  happen  in  the  formation  of  twins  from  one  ovum 
that  the  heart  of  the  stronger  twin  not  only  takes  possession  of  the  placenta  of 
the  weaker,  but  also  includes  a  varying  proportion  of  the  body  in  its  circula- 
tion (Fig.  106,  Scheme  IV.)  In  such  a  case,  a  part  of  the  second  foetus,  often 
very  shapeless,  the  acardiacus,  is  appended  by  means  of  an  umbilical  cord  of 
varying  length  to  the  enlarged  placenta  of  the  stronger  foetus.  It  may  be 
completely  deprived  of  a  heart  of  its  own,  as  in  the  scheme  given,  or  mere 
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rudiments  of  one  may  be  found,  as  Ahlfeld  especially  has  clearly  pointed  out. 
Among  the  acardiaci,  however,  there  may  be  differentiated  : — 

Acardiacus  amorjihus,  a  shapeless  mass,  covered,  however,  by  human  skin, 


Fig.  lOS. — Acardiacus  acormus  (after  Barkow). 


and,  as  a  rule,  provided  with  a  tuft  of  hair  at  one  part.  In  the  interior 
are  found  rudimentary  bones,  portions  of  intestine,  and  sometimes  masses  of 
connective  tissue  showing  cystic  degeneration  (Fig.  107). 


Fig.  109. — Acardiacus  aceplialus  wiUi  rudiment- 
ary heart  and  ectopia  cordis.    Natural  size. 


Fig.  110. — Acardiacus  anceps.    One- 
fourtli  natural  size. 


Acardiacus  acormus  (Fig.  108).  The  terra  acormv.s  was  at  first  meant  to 
express  the  absence  of  a  well-developed  trunk.  The  head,  on  the  other  hand, 
is  more  or  less  distinctly  formed.     Between  the  shapeless  lumps  of  flesh  with 
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the  indication  of  a  head,  and  the  pure  acormus,  described  by  Barkow,  and 
reproduced  here  in  Fig.  108,  there  are  many  transitional  forms. 

Acardiacus  acephalns  (Fig.  109).  In  this  very  common  variety  the  head 
is  absent ;  but  there  is  a  relatively  well-developed  trunk,  and  sometimes  also 
a  rudimentary  heart.  The  abdominal  viscera,  genital  organs,  and  lower  ex- 
tremities are  often  comparatively  well  developed. 

Acardiacus  anceps  (Fig.  110),  lastly,  presents  the  transition  to  well-developed 
twins  from  one  ovum.  The  extremities  are  always  imperfect,  however,  and  the 
heart  is  invariably  only  rudimentary. 

Acardiacus  epignatlms  liher  forms  a  special  variety  (if  Ave  can  suppose  this 
variety  to  be  a  true  acardiacus),  in  which  the  umbilical  cord  is  attached  to  the 
base  of  the  skull  or  upper  jaw  of  the  other  twin.  It  will  be  more  fully 
explained  further  on,  in  connection  with  the  other  epignathi. 
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(b)  Bodies  of  the  Twins  united  ;  the  lohole  of  the  Axial  Structures  duplicated 

(a,  a)  Equally  developed  varieties. — In  the  double  monsters  which  have  been 
as  yet  considered,  we  had  to  deal  with  homologous  twins  whose  appendages 
Avere  fused  to  a  greater  or  less  extent.  The  highest  degree  of  fusion  was 
rejiresented  by  the  occurrence  of  a  common  umbilical  cord  Avhich  only  bifur- 
cated just  before  it  reached  the  bodies  of  the  twins.  Should  the  fusion  extend 
further,  union  of  the  fcetal  bodies  in  the  neighbourhood  of  the  umbilicus  and 
in  the  thoracic  region  results  (thoracopagus).  Union  in  the  pelvic  region  is 
also  observed,  however  (ischiopagus),  and  union  in  the  neighbourhood  of  the 
head  (craniopagus). 

(a)  Thoracopagus  (omphalopagus).  To  this  A'ariety  belong  the  well-known 
Siamese  twins.  The  two  brothers  Chang  and  Eng  (Fig.  Ill)  were  united  in 
the  umbilical  region  by  a  fleshy  mass  covered  with  skin  and  showing  the  scar 
of  the  cord.  In  the  sectio  this  mass  was  found  to  contain  the  two  ensiform 
processes  of  the  sterna,  united  by  a  cartilaginous  bridge,  two  separate  processes 
of  the  peritoneal  layers,  a  blood-vessel  passing  betAveen  the  tAvo  livers,  tAvo 
arteries,  branches  of  the  hypogastric,  and  remains  of  the  urachus.  The  brothers 
attained  the  age  of  sixty-three  and  died  within  tAvo  hours  of  each  other,  after 
the  one  had  suffered  severely  from  an  acute  pulmonary  affection. 

The  form  of  thoracopagus  represented  here  is  more  accurately  termed 
xi2)hoparjus.  In  other  similar  cases  parts  of  the  liA^er  were  also  to  be  found  in 
the  connecting  column.  Usually,  these  malformations  are  the  cause  of  difficulty 
in  parturition,  resulting  in  death  of  the  twins. 

In  xiphopagus  the  thoracic  cavities  are  separate;  in  sternopagus  (Fig.  112) 
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there  is  a  common  thoracic  cavity.     It  may  be  assumed  in  this  case  that  the 


KiG.  111.— Siamese  twins.    Xiphopagus  (after  Ahlfeld). 


Fig.  112. — Sternopagus.    One-fiftli  natural 
size. 


Fig  113. — Thoraco-i.schiopagus  tripus.    One-fourth 
natural  size. 


embryonic  rudiments  lay  so  close  together  in  the  germinal  area,  that  the  lateral 
plates  must  have  encroached  upon  each  other.     In  the  common  thoracic  cavity 
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there  are  two  hearts  and  four  lungs  Avhich,  however,  may  be  more  or  less 
malformed.  It  is  only  when  the  union  is  very  close  that  one  common  heart 
is  found  instead  of  two.  The  abdominal  cavities  are  also  united,  as  a  rule, 
and  the  intestine,  especially  the  lower  part  of  the  small  intestine  and  the  first 
part  of  the  large,  may  be  common  to  both  twins.  Long-continued  existence 
after  birth  has  not  as  yet  been  observed. 

In  symmetrical  or  approximately  symmetrical  fusion  the  sternopagic  double 
foi'mation  has  four  upper  and  four  lower  extremities.  If  the  fusion  be  asym- 
metrically placed,  more  to  the  lateral  aspect  of  the  thorax,  two  upper  extremities 
also  fuse,  partly  or  wholly,  so  that  the  double  embryo  has  only  three  arms 
{thoracopagus  irihrachms).  The  thoracopagus  tripus  is  formed  in  like  manner  by 
the  fusion  of  two  lower  extremities.  Lastly,  the  fusion  may  extend  to  the 
facial  portion  of  the  head,  prosopo-thoracopagus. 

(/?)  Ischiopagus  (Fig.  113).     The  fusion  in  this  case  extends  from  the  um- 
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Fig.  114.— Craniopagus  (after  v.  Bitr). 


Fig.  115. — Thoracopagus  parasiticus  (after  Forster). 


bilicus  down  to  the  pelvic  region,  while  the  thoracic  regions  remain  separate.  In 
duplication  of  the  spinal  column  and  sacral  bones,  the  two  pelves  are  transformed 
into  a  common  ring,  to  the  centre  of  which  both  sacral  bones  turn  their  anterior 
surfaces.  From  the  pelvic  ring  two  pairs  of  lower  extremities  take  origin. 
Thorax,  head,  and  upper  extremities  are  double.  Duration  of  life  after  birth 
is  very  limited. 

(y)  Craniopagus  (Fig.  1 1 4).  It  may  be  supposed  that  craniopagus  proceeds 
from  two  separate  germinal  layers  whose  anterior  ends  touch  each  other.  The 
mature  embryo  then  appears  as  homologous  twins,  united  in  the  cranial  region. 
The  fusion  generally  implicates  the  scalp  and  the  cranial  bones  only ;  it  is  very 
rarely  that  there  is  a  connection  between  parts  of  the  brain  of  the  two  embryos. 
According  to  the  situation  of  the  fusion,  craniopagus  frontalis,  parietalis,  and 
occipitalis  may  be  distinguished. 

(6,  h)  UnequaUy  developed  varieties. — As  by  fusion  of  the  placentse  of  other- 
wise separate  twins  from  one  ovum  acardiac  monsters  may  be  formed  by  the 
arrest  of  development  of  one  twin,  so  in  thoracopagi,  ischiopagi,  and  craniopagi 
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the  same  condition  may  arise.  There  is  this  difference,  however,  viz.  that  the 
more  feebly  developed  foetus  forms  a  parasitic  structure  on  or  within  the  body 
of  its  stronger  fellow  and  does  not  immediately  separate  at  birth,  as  the 
acardiaci  already  mentioned  do.  The  two  bodies  are  intimately  connected.  The 
parasite,  which  is  sometimes  very  imperfectly  developed,  has  no  heart  of  its  own, 
since  this  organ  has  been  deprived  of  its  function,  as  in  free  acardiaci. 

The  parasitic  thoracopagus  is  situated  on  the  sternum  or  the  adjacent  regions 
of  the  body  (Fig.  115).  The  modes  of  its  attachment,  it  is  needless  to  say, 
correspond  to  those  of  the  equally  developed  thoracopagi. 

The  ischiopagus  and  craniopagus  parasitictis  arise  in  an  analogous  manner. 
In  the  latter  case  the  parasite  is  situated  on  the  cranial  surface.  To  these 
varieties  another  may  be  added,  the  ejngnathus.  This  is  a  comparatively 
common  condition  Avhich  may  be  explained  by  the  presence  of  two  embryonic 
rudiments  in  one  ovum,  which  gi'ow  unequally  and  touch  each  other  in  the 
facial  retfion  of  the  cranium.      The  acardiacus  then  becomes  turned  in  with  the 


Fio.  116. — Epignatlms.  In  tlie  interior  ol'  the 
sac  a  distinctly  recognised  lower  limb  was 
found,  besides  indications  of  rudimentary 
organs.    One-fourth  natural  size. 


Fig.  117. — Congenital  sacral  teratoma  of  an  im- 
mature fcetus.  On  the  upper  margin  of  the 
tumour  the  external  genital  organs  and  anus 
may  be  observed.  On  the  lower  margin  the 
skin  has  been  cut  away  to  expose  the  tumour 
substance.    Two-fifths  natural  size. 


foregut  of  the  other  twin  and  reaches  the  under  surface  of  the  fore-brain,  just 
at  the  upper  extremity  of  the  foregut,  at  that  region  where  the  hypophysis 
is  afterwards  formed.  In  this  situation  an  acardiacus,  usually  very  rudiment- 
ary, is  developed  in  connection  with  the  bones  of  the  base  of  the  skull, 
especially  the  sella  turcica. 

This  appears  later  as  a  more  or  less  tumour-like  mass  of  tissue,  projecting 
from  the  mouth,  Avithin  which  parts  of  a  body  may  sometimes  be  distinctly 
recognised.  In  many  cases  it  also  passes  into  the  cranial  cavity.  Such 
structures  have  also  been  found  attached  to  other  situations,  such  as  the  cavity 
of  the  mouth  or  the  orbit.  It  may  happen,  further,  that  the  fusion  was  produced 
by  adhesion  of  the  allantois  of  the  parasite.  An  epignathus  of  this  kind,  from 
which  two  umbilical  cords  proceeded,  has  been  observed.  Attached  to  these 
were  the  rudiments  of  two  foital  bodies.  This  is  the  form  for  which  I  already 
proposed  the  name  acardiacus  epignathus  liber. 

Congenital  sacral  teratomata  are  tumour-like  masses,  occurring  in  the  vicinity 
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of  the  caudal  extremity  of  a  foetus  as  the  result  of  the  inclusion  of  an  acardiac 
embryonic  rudiment.  In  the  coccygeal  region  a  funnel-shaped  invagination  of 
the  skin  is  formed,  similar  to  that  in  the  oral  region,  and  within  it  an  inclusion 
of  a  rudimentary  fcetus  takes  place,  which  afterwards  becomes  surrounded  by 
the  soft  parts  and  becomes  attached  to  the  coccyx,  directly  or  by  means  of 
connective  tissue.  The  anus  and  external  genital  organs  of  the  foetus  are 
usually  displaced  forwards.  The  parasitic  structure  sometimes  contains 
distinctly  developed  foetal  organs  ;  more  frequently  it  appears  as  an  irregularly 
shaped  mass,  made  up  of  various  tissues,  enclosing  one  or  more  cystic  cavities, 
filled  with  fluid  and  sometimes  lined  by  epithelium. 

Fcdal  inclusions. — Both  epignathus  and  congenital  sacral  teratoma  may  be 
termed  fretal  inclusions,  inasmuch  as  they  become  surrounded  by  the  tissues 
of  the  bearer.  This  term  is  chiefly  used,  however,  when  the  acardiacus  is 
situated  more  deeply  within  the  body  of  its  bearer.  The  relatively  late  period 
at  which  the  intestine  and  the  abdominal  Avalb  close  provides  frequent  oppor- 
tunity for  such  an  occurrence.  They  are  thus  formed  in  the  abdominal  cavity, 
with  whose  walls  they  form  frequent  connections,  or  between  the  layers  of  the 
abdominal  walls  (indusio  ahchminalis).  If  they  reach  the  neighbourhood  of 
the  Wolffian  bodies,  they  are  sometimes  found  encapsuled  by  the  tissue  of  the 
testicle  or  ovary  (indusio  testiculi,  ovarii).  When  the  testicle  descends  they 
sometimes  pass  into  the  scrotum  {indusio  scrotalis  secundaria).  In  the  same 
manner,  inclusions  in  the  cranial  cavity  and  brain  are  found,  associated  with 
epignathous  formations  (indusio  cerehrdis).  In  other  positions,  also,  such  as  the 
lungs  and  mediastinum,  large  and  small  tumours  have  been  found,  made  up  of 
various  tissues  Avhich  may  be  regarded  as  foetal  inclusions  (indusio  mediastinalis). 
This  view  is  not  free  from  objection,  however,  since  the  tumours  which  have 
been  found  did  not  exhibit  the  complicated  structure  which  so  often  occurs 
in  inclusions  in  the  abdominal  cavity.  As  the  pleural  and  peritoneal  cavities 
are  connected  originally,  however,  it  is  quite  possible  that  many  thoracic 
tumours,  especially  those  of  the  mediastinum,  are  really  of  the  nature  of  fo?tal 
inclusions. 
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2.  Duplicitas  Axialis  Anterior 

Partial  duplication  of  the  axial  structure  may  begin  either  at  the  head  or 
at  the  coccyx.  The  first  variety,  duplicitas  axialis  anterior  (terata  catadidyma), 
is  observed  four  times  as  often  as  the  duplication  beginning  at  the  coccyx 
(duplicitas  axialis  posterior),  (terata  anadidyuui). 

The  duplication  is  sometimes  limited  to  a  very  small  part  of  the  body ; 
in  other  cases  it  is  more  extensive.  It  may  even  happen  that  the  duplication 
involves  the  whole  length  of  the  spinal  column.  Those  cases  in  which  the 
median  portion  of  the  axis  of  the  body  is  single,  while  both  the  cranial  and 
coccygeal  extremities  are  double,  form  a  separate  class  (terata  anacatadidyma). 
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The  smallest  degree  of  anterior  duplication  is  seen  in  duplidtas  hjipopliysis 
cerebri,  inasmuch  as  the  two  lobes  of  the  hypophysis  are  developed  from  the 
anterior  end  of  the  spinal  cord  and  the  termination  of  the 
foregut,  and,  in  this  sense,  are  terminal  structures  (Ahlfeld). 
More  extensive  duplication  in  the  region  of  the  cerebrum 
leads  to  a  duplication  of  a  large  or  small  portion  of  the  face, 
diprosopus.  In  this  class  there  may  be  diflerentiated,  according 
to  degree,  diprosopus  distomus,  diprosopus  diophthalmus, 
triophthalmus,  tetrophthalmus,  and,  further,  diprosopus  diotus, 
triotus,  tetrotus.  INIarked  dilatation  of  the  cerebral  ventricles, 
associated  with  considerable  increase  of  the  cerebro-spinal 
fluid,  sometimes  occurs  at  the  same  time.  If  the  cerebral 
vesicles  and  their  coverings  are  ruptured,  as  a  result  of  the 
accumulation  of  fluid,  the  hemicephalus  duplex  is  formed. 
This  last  malformation  may  arise  more  frequently  as  the  result  of  arrest  of  the 
closure  of  the  duplicated  anterior  portion  of  the  medullary  groove.     Dicepliali 


Fig.  lis.  —  Duplici- 
tas  axialis  anterior 
in  the  perch  (after 
V.  Bar). 


Fig.  119. — Dicephalus  dibrachius. 
natural  .size. 


Four-flfth.s 


Fig.  120. — Pygopagus.    Case  of  Werther 
(after  Ahlfeld). 


are  then  formed  with  two  separate  heads.  If,  in  a  high  degree  of  diprosopus, 
the  spinal  column  is  also  double,  this  duplication  of  the  axial  structures  may 
extend  very  far  downwards  in  dicephali.  Further  separation  of  the  duplicated 
embryonic  thorax  is  associated  with  duplication  of  the  thoracic  viscera,  especi- 
ally the  heart.  The  duplication  of  the  upper  extremities  then  begins  with  the 
dicephalus  trihrachius  and  attains  complete  development  in  the  dicephalus  tetra- 
brachius. Lastly,  the  very  rare  pygopagus  completes  the  rising  scale  of  the 
abnormality.  This  appears  in  the  form  of  twins  joined  together  in  the  region 
of  the  sacrum  and  coccyx.  Further  duplication  would  bring  us  back  to  the 
class  of  homologous  twins  from  one  ovum. 

In  duplicitas  anterior  also,  the  supernumerary  portions  may  remain  rudi- 
mentary and  assume  the  character  of  parasitic  growths.  In  nearly  all  cases 
these  contain  a  few  perfectly  developed  and  easily  recognised  fetal  members. 
They  are  always  arranged  round  a  rudiment  which  may  be  recognised  as  a 
spinal  column  and  is  in  articulated  connection  with  the  spinal  column  of  the 
more  strongly  developed  foetus.     The  parasite,  in  this  case  also,  has  no  heart, 
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however,  or  one  of  the  most  rudimentary  structure.  It  may  be  that  a  struggle 
between  two  rudimentary  hearts  has  occurred  here,  and  that  the  unfavourable 
result  for  the  one  has  been  the  means  of  directly  producing  the  parasite. 


3.  Duplicitas  Axialis  Posterior 

The  slightest  degree  of  duplication  originating  at  the  coccygeal  extremity 
is  the  duplication  of  the  external  genitals  and  anus,  which  is  combined  with 
duplication  of  the  internal  genital  organs,  the  bladder,  the  large  intestine,  and 
the  most  inferior  part  of  the  vertebral  column.  In  other  cases,  the  division 
of  the  vertebral  column  extends  further  up  {dipijgu&),  and  there  may  be  dupli- 
cation of  the  lower  extremities,  the  trunk,  and  even  of  the  upper  extremities, 
so  that  only  the  head  is  single.  Lastly,  the  head  also  may  be  partially  doubled, 
so  that  it  forms  a  Janus  head  {Janiceps,  Janus).  In  these  cases  the  four  halves, 
in  which  the  faces  of  two  foetuses  may  be  supposed  to  be  misplaced,  are  applied 
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Fig.  121. — Duplicitas  posterior  in  a  chick  embryo  after  two  days  incubation.    Alum  carmine  and  Canada 

balsam  preparation,  x  12. 

to  one  another  in  such  a  way  that  the  left  half  of  the  face  of  the  first  and  the 
right  half  of  the  second  face  form  one  face  directed  laterally  on  the  single 
mass  which  constitutes  the  doubled  head.  At  the  same  time,  a  second  face 
is  found  on  the  opposite  side  of  the  double  skull,  made  up  of  the  right  half  of 
the  face  of  the  first  foetus  and  the  left  half  of  the  face  of  the  second.  A 
glance  at  Fig.  122  will  explain  this  condition  immediatelj",  if  a  second  face 
is  imagined  on  the  opposite  side  of  the  head  of  this  monster.  Completely 
symmetrical  formation  of  both  faces  of  the  Janus  is  always  rare.  The  faces  of 
the  Janus  are  usually  asymmetrical  {Janus  asi/mmetricus),  (Fig.  123).  In  this 
preparation  the  posterior  face  which  is  turned  toward  the  spectator  is  very 
incomplete. 

In  a  further  variety  of  Janus,  the  tAvo  heads  are  united  in  the  occipital 
region  and  the  facial  parts  are  well  developed  (Fig.  124).  Parasitic  acardiac 
varieties  of  diqjlicitas  posterior  are  comparatively  common.  Very  numerous 
observations  have  been  made,  especially  with  regard  to  the  dipygus  parasiticus 
(Fig.   125).     In   this  case,  an  appendage,  consisting  of  the   trunk  and  lower 
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limbs,  or  one  in  which  even  upper  extremities  may  be  present,  is  found  on  the 
breast  or  abdomen.     If  the  trunk  of  the  parasite  be  completely  enclosed  in  the 


Ficj.  1-22.— Skeleton  of  a  syiumetrical  Janus.    Three-fourths 
natural  size. 


Fig.  123.— Asynnuetrical  Janus.    Two- 
sevenths  natural  size. 


Fig.  124.— Symmetrical  Janus.    Case  of 
Bordenave  (after  Ahlfeld). 


Fig.  125. — Dipygus  parasiticus.     Case 
of  Sandifort  (after  Ahlfeld). 
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body  of  its  bearer,  so  that  only  one  or  several  of  the  limbs  of  the  parasite  are 
visible  externally,  there  is  an  excessive  number  of  lower  extremities.      When 

dissected  this  is  distinctly  seen  to  be  a  case  of  pyopagous 
^"^  /jw*"^      parasitism,  since  the  trunk  of  the  parasite  can  be  demon- 
strated, although  it  is  greatly  misshapen. 

4.  Triplicitas  Axialis 

Triple  malformations  may  also  arise  in  the  same 
way  as  double  malformations,  and  find  their  analogues 
in  well-developed  triplets  from  one  ovum.  Thus,  in  a 
common  chorion,  a  double  malformation  may  lie  beside 
a  normal  embryo.  Partial  duplication  of  an  already 
duplicated  malformation  is  more  rare  (Fig.  126). 
Lastly,  it  may  happen  that  of  separate  triplets  from  one 
ovum,  one  or  two  become  transformed  into  acardiaci. 


\ 

Fin.  126. — Triceplialus  (after 
Reina  and  Galvani). 


II,  Single  Malformations  {Monstra  SimpUcia) 


The  malformations  occurring  in  a  sinr/Ie  faius  are 
called  single  monsters.  They  were  first  arranged  in 
four  groups  by  Blumenbach — fahrica  aliena,  situs  mutatus, 
defedus,  and  excessus.  Although,  as  a  rule,  the  situs  mutatus  is  regarded  as  a  sub- 
division of  the  fabrica  aliena,  Blumenbach's  classification  is  still  of  some  value, 
since  it  gives  us  a  general  idea  of  the  character  of  the  various  disturbances 
which  may  be  observed  in  one  single  individual  during  the  foetal  period. 

The  monsters  by  excess,  monstra  per  excessum,  comprehend  those  single  mal- 
formations which  are  distinguished  by  redundancy  in  size  or  nund^er  of  the 
organs  or  portions  of  organs,  or  by  an  abnormal  increase  in  the  size  of  the  whole 
fojtus.  Among  those  may  be  included  giant-growth  (giantism),  partial  giant- 
growth  of  separate  parts  of  the  body,  the  presence  of  supernumerary  fingers, 
toes,  vertebrae,  ribs,  and  other  parts  of  the  skeleton ;  further,  the  duplication 
of  internal  organs  and  portions  of  organs,  the  development  of  accessory  spleens, 
pancreas,  or  accessory  suprarenal  capsules,  duplication  of  parts  of  the  spinal 
cord  and  medulla  oblongata,  and  a  great  number  of  other  analogous  dis- 
turbances. Among  the  vionsters  by  defect,  monstra  per  defectum,  are  included 
abnormal  smallness  of  the  Avhole  body,  dwarf -growth  (dwarfism),  abnormal 
smallness  of  individual  organs  or  portions  of  organs  {hi/p)02)Iashi),  absence  of 
organs  and  portions  of  organs  {aplasia  and  agenesia),  and,  lastly,  a  series  of 
disturbances  which  have  been  termed  arrest  of  development.  These  may  be 
referred  to  cessation  of  the  growth  of  organs  at  an  early  stage  of  their 
development,  or  to  an  interference  with  the  closing  of  some  of  the  invaginations 
of  the  germinal  layers  which  are  completed  in  the  embryo,  e.g.  the  medullary 
groove,  the  intestinal  groove,  or  the  facial  and  branchial  clefts. 

Monstra  per  fahricam  alienam,  false  malformations,  may,  as  a  rule,  be  very 
simply  defined  as  the  malformations  which  cannot  be  referred  either  to  exces- 
sive or  deficient  development,  and  which,  therefore,  cannot  be  included  in  the 
forescoincj  classes  of  excessus  and  defectus.  Abnormalities  in  the  distribution 
of  arteries  and  veins,  especially,  are  included  in  this  class,  many  malformations 
of  the  heart,  unusual  divisions  of  the  trachea,  anomalies  of  the  teeth,  and  the 
l)iliary  passages.  Hermaphrodism,  the  malformation  of  the  original  bi- sexual 
rudiment  of  the  genital  tract,  in  which  the  bi-sexual  character  is  more  or  less 
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preserved  after  conclusion  of  the  foetal  period,  belongs  to  this  class.  These 
are  all  anomalies  of  form.  With  them  are  associated  the  anomalies  of  position 
rising  from  malformation,  especially  the  situs  inversus,  or  the  transposition  of 
the  entire  viscera  of  the  thorax  and  abdomen  in  such  a  way  that  the  liver 
is  found  on  the  left  side  of  the  body  and  the  spleen  and  heart  on  the  right. 

As  a  rule,  double  malformations  were  included  under  the  head  of  excessus, 
so  that  the  division  of  the  material  into  three  classes — excessus,  defectus,  and 
fabrica  aliena — applied  not  only  to  single  monsters,  but  to  all  malformations. 

It  was  the  very  laudable  desire  to  explain  the  complicated  varieties  of 
malformations  by  a  logical  rearrangement  of  the  material  for  observation 
which  gave  rise  to  such  classifications  of  the  malformations.  The  explanation 
of  the  cause  thus  seemed  within  reach.  It  was  supposed  to  be  excessive  or 
deficient  energy  of  the  formative  power  which  occasioned  the  excessus  or 
defectus,  and  a  qualitative  variation  in  the  formative  power  which  occasioned 
the  fabrica  aliena.  Nowadays,  such  words  convey  no  explanation  of  the  cause. 
As  can  be  understood,  oar  more  complete  knowledge  of  the  history  of  develop- 
ment has  done  much  more  than  these  logical  deductions  to  increase  scientific 
comprehension  of  this  department  of  pathology.  We  are  now  trying  to  find 
out  the  physical  processes  of  development,  and  thus  to  discover  a  mechanical 
reason  for  the  malformations.  Subsequently,  we  may  perhaps,  also,  learn  the 
chemical  side  of  the  problem. 

The  old  division  into  excessus,  defectus,  and  fabrica  aliena  is  no  longer 
consistent  with  these  views.  Although,  formerly,  it  was  the  custom  to  disregard 
the  difficulties  which  arose  when  the  descriptions  of  various  malformations  of 
one  and  the  same  organ  were  scattered  widely  through  the  three  chief  groups, 
it  seems  much  more  suitable  at  present  to  arrange  the  material  in  as  connected 
a  manner  as  possible.  We  bring  the  facts  into  closer  connection  with  the 
information  acquired  from  the  history  of  normal  development,  if  we  classify  the 
double  malformations  separately,  and  divide  the  single  malformations  into  general 
disturbances  of  fo3tal  development,  disturbances  of  the  closure  of  the  anterior 
and  posterior  middle  lines  of  the  body,  malformations  of  the  extremities,  and 
disturbances  in  the  formation  of  individual  organs.  If  the  malformations  of 
the  individual  organs  be  deferred  to  the  special  pathological  anatomy,  the  follow- 
ing account  of  the  single  malformations  will  maiul}'  deal  with  those  disturbances 
which  concern  the  external  configuration  of  the  body  and  the  earliest  develop- 
mental processes  in  the  embryo  and  its  appendages. 
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1.  General  Disturbances  of  Foetal  Development 

(a)  Fleshy  Mole,  Hcemorrhagic  Mole,  Hi/clatid  Mole,  Secondary  Decomposition 

of  Dead  Foetuses 

Various  circumstances  may  seriously  interfere  with  the  nutrition  of  the 
developing  foetus  and  cause  its  death. 

Should  this  happen  at  a  very  early  stage  the  dead  foetus  may  escape  further 
notice  ;  it  may  be  e\-acuated  from  the  uterus  unobserved,  along  with  the  scanty 
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liquor  amiiii.  The  membranes  and  placenta  then  become  transformed  into  a 
dry  fleshy  mass  {fleshy  mole)  which  may  also  be  enveloped  in  a  large  quantity 
of  coagulated  blood  (hcemorrhagic  mole).  These  moles  sometimes  undergo 
putrefactive  decomposition  Avhile  still  in  the  uterus.  The  opinion  frequently 
advanced,  that  the  foetus  may  be  reabsorbed  by  the  uterine  Avails,  has  not  as 
yet  been  satisfactorily  proved,  although  many  ascertained  facts  make  such  an 
occurrence  appear  possible.  In  rare  cases  the  placenta  is  transformed  into 
a  peculiar  structure,  the  hydatid  mole,  mola  hydaUtosa,  myxoma  chorii.  The  uterus 
in  those  cases  undergoes  a  very  rapid  increase  in  size,  out  of  proportion  to 
the  duration  of  the  pregnancy.  After  repeated  profuse  hemorrhages,  usually 
threatening  life,  a  mass  is  extruded,  consisting  of  innumerable  berry -like  forma- 
tions. Virchow,  in  his  great  work  on  the  tumours,  classified  this  as  myxoma 
chorii,  as  a  tumour-like  new  formation  of  myxomatous  tissue  from  the  substance 
of  the  chorionic  villi.  As  there  is  another  variety  of  myxomatous  tumour, 
which  occurs  in  the  placenta,  it  would  seem  more  appropriate  to  describe  the 
form  now  under  discussion  as  myxoma  chorii  racemosum.  The  hydatid  mole 
appears  as  an  aggregation  of  colourless  or  pale  innk  rounded  bodies,  transparent 


Fig.  127. — Part  of  a  myxoma  chorii  racemosum.     Half  natural  size. 

or  translucent,  varying  in  size  from  a  pin- head  to  a  hazel-nut;  it  consists  of 
myxomatous  tissue,  and  is  covei'ed  by  chorionic  epithelium.  These  globules  are 
arranged  in  short  chains  on  the  elongated,  filamentous,  chorionic  villi  (Fig.  127). 
Here  and  there  membranous  remains  of  the  chorion  are  found  in  connection 
with  these  villi. 

In  well-marked  cases  of  hydatid  mole  there  is  no  trace  of  a  fretus  or  of 
the  umbilical  cord.  A  number  of  cases  have  been  described,  however,  in  Avhich 
only  a  portion  of  the  placenta  was  involved  in  the  myxomatous  growth,  and, 
in  these  cases,  embryos  which  had  become  stationary  at  a  more  or  less  advanced 
stage  of  development  were  also  found.  In  a  few  cases  (Martin)  the  foetus  was 
even  born  alive. 

Virchow  was  perfectly  correct,  therefore,  when  he  pointed  out  that  the 
death  of  the  foetus  could  not  be  regarded  as  the  only  cause  of  a  hydatid  mole. 
The  hydatid  mole  is  a  disease  of  the  placenta  which,  in  some  of  the  cases  at 
least,  precedes  the  death  of  the  ftetus.  The  cause  of  the  disease  is,  therefore, 
to  be  looked  for  in  an  abnormal  condition  of  the  maternal  blood.  In  a  few  of 
the  recorded  cases,  it  was  pointed  out  that  the  mother  was  in  bad  health, 
affected  with  renal  disease  or  disease  of  some  other  ors-an.  In  a  case  observed 
by  Molitor,  the  mole  occurred  in  a  girl  of  nine  years  who  had  been  violated. 
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It  can  hardly  be  doubted,  however,  that,  after  premature  death  of  the 
foetus,  the  hydatid  mole  may  continue  to  grow  and  enlarge.  The  question  is 
thus  broached,  whether  it  is  not  possible  that,  in  certain  cases,  the  formation 
of  the  mole  follows  the  death  and  extrusion  of  the  ftetus.  After  abortion, 
large  blood  coagula  not  infrequently  form  in  the  uterus  on  the  placental  site 
and  enclose  retained  portions  of  the  membranes  {iilacental  pohjin).  In  two  such 
placental  polypi,  Zahn  and  v.  Kahlden  found  proliferation  of  the  chorionic  villi, 
which  extended  far  within  the  uterine  substance  and  proliferated  within  the 
uterine  blood-vessels  {destructive  placenial  polypus).  In  addition  to  these 
observations,  there  are  the  older  cases  of  Volkraann,  Jarotzky  and  Waldeyer, 
and  von  Kx'ieger,  who  found  destructive  hydatid  moles  deep  in  the  substance 
of  the  uterus,  and  also  an  observation  by  Meyer  and  Klebs  on  a  vesicular  mole 
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Fio.  128.— Destructive  hydatid  mole,  proliferating  within  the  wall  and  the  cavity  of  tlie  uterus. 

After  Volkmann. 

in  the  uterine  cavity,  which  sent  out  extensive  villous  growths  into  the  substance 
of  the  wall  of  the  uterus. 

There  is  no  definite  proof  whatever  that,  in  these  cases,  the  growth  of  the 
placental  villi  only  began  after  the  death  of  the  foetus.  There  is  much  to  be 
said  for  the  view  that  the  overgrowth  of  separate  portions  of  the  placenta  has 
been  a  cause  of  the  retention  of  parts  of  the  fcetal  appendages  and  of  the  forma- 
tion of  the  placental  polypi.  The  possibility  that  the  myxomatous  growth  of 
the  placental  villi  may  begin  after  the  death  of  the  embryo  should  be  enter- 
tained and  further  investi<;ated. 
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Older  embr3'os  which  have  died  in  utero,  are  either  extruded  by  abortion 
or  pass  through  various  changes  in  the  uterus.  They  may  undergo  putrefactive 
decomposition  if  schizomj^cetes  obtain  an  entrance  from  the  vagina,  or  they  may 
undergo  decompositions  without  the  presence  of  putrefactive  microbes.  The 
formation  of  the  fcetus  sanguinolentus,  ah-eady  minutely  described  under  the 
double  malformations,  is  common.  The  tissues  of  the  embryo  undergo  a 
peculiar  maceration,  with  solution  of  the  pigment  of  the  blood.  In  rare 
cases,  a  fatty  degeneration  of  the  tissues  is  found,  described  by  Buhl  as  li^md 
transformation.  Mummification,  on  the  other  hand,  is  very  common.  The  tissues 
of  the  dead  foetus  shrink  because  of  the  withdrawal  of  their  w^ater,  and  aj^pear 
dry,  gray-red,  or  brown-red.  If  calcification  set  in  at  the  same  time,  a  lifhopccdion 
is  formed.  It  is  characteristic  of  this  condition  that  the  calcification  always 
takes  place  on  the  surface  while  the  interior  of  the  fcetus  is  simply  mummified. 

(b)  Giantism,  and  Dwarfism 

The  phenomena  of  giantism  and  dw^arfism  present  features  which  difier 
essentiall)'  from  the  disturbances  Avhich  have  just  been  considered.  Giantism 
{makrosornia,  gigantosomia)  is  comparativel}'  rare  as  a  congenital  malformation  ;  but 
a  number  of  children  have  l)een  known  to  weigh  7  to  lO'T  ks:.  and  measure  60  to 
70  cm.  immediately  after  birth.  This  is  a  very  considerable  size,  when  it  is 
considered  that  the  normal  Aveight  is  about  3*2  kg.,  and  the  normal  length 
about  50  cm.,  and  that  deviations  from  these  normals  to  the  amount  of  1'4 
kg.  or  7  cm.  only  occur,  on  an  average,  about  once  in  1000  observations. 
The  pathological  nature  of  this  excessive  bodily  development  is  frequently 
shown  by  the  fact  that  such  children  attain  puberty  in  the  third  to  the  sixth 
year,  and,  at  the  same  time,  grow  unusuall}"  quicklj*.  After  puberty  the 
groArth  is  usually  considerably  slowed.  Such  individuals  also  age  rapidly  and 
die  comparatively  early.  In  other  cases,  it  is  observed  that  children  which 
Avere  large  when  born,  groAv  comparatively  slowly  after  birth,  so  that  the 
abnormality  is  compensated  for.  More  frequently  giant-growth  only  sets  in 
after  birth,  in  the  first  or  second  decade  of  life.  These  giants  attain  a  height 
of  200  to  275  cm.  (or,  roughly,  6|  to  9  feet),  and  the  normal  proportions  of  the 
body  are  fairly  maintained.  The  lower  extremities  often  grow  relatively  too 
long,  so  that  the  proportions  of  the  bod;y  are  not  properly  maintained.  The 
other  parts  of  the  body  are  also  found  tc  be  markedly  enlarged.  Although 
such  cases  do  not  exactly  come  under  the  foregoing  definition  of  malformation 
as  an  anatomical  change  occurring  in  fcetal  life,  still  it  is  probable  that  the 
cause  of  the  abnormality  Avas  present  even  in  the  embryo.  Heredity  has  been 
specified  as  an  etiological  factor,  but  only  in  a  feAv  cases  hoAvever. 

Unilateral  giant-growth  is  also  included  in  the  class  of  general  disturbances. 
It  gives  rise  to  more  or  less  remarkable  asA'mmetry  in  the  two  hah'es  of  the 
body,  sometimes  observed  at  birth.  I  once  foitud  this  pathological  condition 
associated  Avith  malformation  of  the  genital  organs.  In  other  cases,  only  single 
extremities  or  single  members — a  hand,  a  finger,  a  toe — undergo  giant-groAvth. 
This  often  occurs  during  intra-uterine  life.     Essentially  different  from  giant- 
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growth  is  lipomatosis  or  adipositas,  an  excessive  development  of  one  tissue,  the 
tilt,  and  acromegaly  or  pachyacria,  a  great  increase  in  thickness  in  the  skeleton 
and  soft  parts  which  chiefly  affects  the  terminal  members,  the  hands  and  feet 
and  the  under  jaw,  but  may  also  involve  the  spinal  column.  Congenital  acrome- 
galy has  not  yet  been  observed  ;  as  a  rule,  it  develops  between  the  first  and 
fourth  decades.  The  abnormal  growth  in  length,  measuring  from  joint-surface 
to  joint-surface,  which  characterises  giant-growth  is  absent  in  these  cases  (J. 
Arnold). 

Dwarfism,  dwarf-growth,  microsomia,  nanosomda,  has  many  points  of  resem- 
blance to  giantism.  It  may  happen  that  full-time  children  are  born  with  very 
small  bodies,  but  afterwards  make  up  for  the  deficiency  by  rapid  growth.  The 
disturbance  is  much  more  striking  and  of  greater  importance  when  the  arrest 
of  growth  occurs  after  birth.  In  this  case  distinct  dwarf  formation  takes  place, 
even  when  no  deviation  from  normal  was  visible  at  birth.  In  some  cases  the 
dwarfs  are  well-proportioned  throughout,  apart  from  the  abnormal  smallness. 
Sometimes  the  head  is  relatively  large.  The  genital  organs  are  also  usually 
small  and  undeveloped,  so  that  the  power  of  procreation  and  propagation  is 
only  slight.  Dwarf  formation  is  not,  as  a  rule,  hereditary,  but  is  an  individual 
affection. 

In  adults  the  normal  length  of  the  body  averages  169  cm.  approximately  in  man,  and  163 
cm.  in  woman  ;  the  normal  body  weight  60  kg.  in  man,  and  56  kg.  in  woman.  If,  in  accordance 
with  the  calculations  already  made,  the  deviation  from  the  normal,  which  is  attained  but  not 
exceeded  in  one  half  of  the  cases  in  a  long  series  of  observations  made  on  healthy  individuals, 
may  be  described  as  the  probable  value,  W,  of  the  deviation,  the  law  holds  good,  speaking 
generally,  that  the  fifth  multiple  of  this  value,  W,  will  only  be  exceeded  once,  at  most,  in  every 
thousand  observations.  We  may,  therefore,  safely  say  that  five  times  this  value  of  the 
deviation,  W,  is  the  limit  of  giant  and  dwarf  formation. 

The  probable  value  of  the  individual  deviations  in  length  of  the  body  is  found  i'rom  a 
series  of  observations  to  be  approximately  3  "8  cm.  in  men  and  women,  and  the  value,  W,  of 
the  body  weight  approximately  5  kg.  The  fifth  multiple  of  this  value,  W,  would  then  be  19 
cm.  and  25  kg.  An  adult  male  would  thei'efore  be  regai-ded  as  a  giant  if  his  height  were 
found  to  exceed  169  +  19  =  188  cm.,  and  the  body  weight  was  greater  than  60-1-25  =  85  kg. 
The  normal  limit  in  the  upper  well-nourished  classes  is,  however,  considerably  higher  than 
that  given  above— namely,  175  cm.  in  height  and  66  kg.  in  weight,  so  that  for  our  purpose  the 
limit  must  be  placed  somewhat  higher,  at  175  +  19  =  194  cm.  This  accords  well  with  the 
extreme  limit  200  cm.  mentioned  above,  which  was  arrived  at  by  means  of  averages.  The 
weight  of  the  body,  however,  is  comparatively  difficult  to  estimate,  on  account  of  the  excessive 
amount  of  fat  on  the  body  (lipomatosis)  which  is  frec|uently  present,  and  is  to  be  clearly  dis- 
tinguished from  giant-growth.  If  this  and  other  similar  factors  are  excluded,  and  if  the  better 
nourished  classes  be  considered,  the  limit  for  giant-growth  will  be  found  to  l)e  66 +  25=: 91  kg., 
and  this  may  be  accepted  in  general  as  correct. 

For  dwarf-growth  in  adults  the  limits  163-19  =  144  cm.  in  length  and  56-25  =  31  kg.  in 
weight  may  be  accepted — a  result  that  also  agrees  with  previous  values  obtained  from  averages. 
In  this  case,  also,  we  must  exclude  diminution  of  the  body  weight,  brought  about  by  various 
acquired  diseases,  and  the  loss  of  height,  caused  by  various  pathological  curvatures  of  the 
spinal  cord  and  lower  limbs. 

Corresponding  calculations  for  the  determination  of  giant  and  dwarf  growth  in  mature 
newly-born  infants  have  already  been  mentioned.  Judging  from  the  same  standpoint,  we  may 
assume  giant-growth  in  mature  newly-born  children,  when  the  length  of  the  body  exceeds 
50  +  7  =  57  cm.  and  its  weight  3 "2 +  1-4  =  4 '6  kg.  The  highest  limit  for  dwarf-growth  in 
mature  newly-born  children  would  then  be  50-7  =  43  cm.  and  3 •2- 1-4  =  1 '8  kg.,  because 
the  probable  extent  of  the  deviations  in  the  newly-born  is  approximately  1"4  cm.  and  0"28 
kg.,  and  the  normal  is  50  cm.  and  3'2  kg.  As  regards  other  ages,  the  tables  of  body  height 
and  weight  collected  in  my  publication,  which  is  mentioned  below,  may  be  consulted. 
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Thoma — Untersucliuiigen  iiber  die  GriJsse  iind  das  Gewiclit  der  anatomischen  Bestandtlieile  des 
luenschlichen  Korpers  im  gesuuden  und  im  kranken  Ziistande.  Leipzig,  1882.  Yery 
full  references  to  the  literature. 

(c)  Transpositio  Fiscerum 

By  the  term  tranqiositio  or  situs  inversus  viscenim,  a  malformation  is  descril)ed 
which  appears  in  the  form  of  a  lateral  change  in  position  of  the  thoracic  and 
abdominal  viscera,  in  such  a  way  that  the  result  exactly  corresponds  to  the 
reflection  in  a  mirror  of  the  normal  relative  positions.  The  apex  of  the  heart 
is  directed  to  the  right ;  the  right  lung  has  two,  the  left  lung  three,  lobes ;  the 
aorta  descends  on  the  right  side  of  the  vertebral  column  ;  the  fundus  of  the 
stomach  lies  to  the  right,  as  also  does  the  spleen  ;  while  the  liver  and  caecum 
occupy  the  left  side,  and  so  on.  This  malformation  does  not  in  any  way  afiect 
the  health. 

Situs  inversus  is  found  comparatively  frequently,  but  by  no  means 
invariably,  in  cases  of  double  monsters,  the  one  individual  showing  the  normal 
and  the  other  the  reversed  position  o^  the  viscera.  From  this  fact  it  has  been 
concluded  that  the  position  of  the  embryo  on  the  yolk-sac  bears  some  relation  to 
the  occurrence  of  the  malformation.  As  a  matter  of  fact,  shortly  after  the  heart 
appears,  the  embryo  lies  Avith  its  left  side  on  the  yolk-sac,  and  this  asymmetry, 
which,  in  its  turn,  is  perhaps  dependent  upon  the  asymmetrical  folding  of  the 
originally  symmetrically  placed  heart-tube,  appears  to  determine  the  direction 
of  all  the  asymmetry  of  the  organs  which  subsequently  develops.  Trans- 
positio  viscerum,  however,  is  supposed  to  occur  when  the  embrj^o  lies  upon  its 
right  side  (v.  Bar,  Forster),  a  position  which  is  more  common  in  double  monsters. 
The  situs  inversus  occurs,  though  much  less  frequently,  in  single  embryos. 
The  fact  that  the  lateral  transposition  of  the  viscera  is  not  always  complete, 
is  not,  however,  explained  by  these  inferences.  It  is  sometimes  observed  in 
the  abdominal  or  in  the  thoracic  organs  only ;  sometimes  only  single  organs 
are  transposed. 

2.  Imperfect  Union  in  the  Anterior  Middle  Line  of  the  Body 

(a)  Formation  of  Fissures  in  the  Facial  Region 

The  human  face  is  formed  b}^  the  union  of  several  processes  of  the  embryonic 
cranium  which  grow  forwards  or  ventrally,  the  unpaired  frontal  process  and 
the  paired  processes  for  the  upper  and  lower  jaws.  These  processes  sometimes 
fail  to  unite,  frequently  because  of  the  formation  of  amniotic  adhesions. 
The  various  forms  of  facial  clefts  thus  occur.  These  may  be  complete. 
In  place  of  the  face  a  deep  depression  is  found,  bounded  below  by  the 
lower  jaw  and  tongue,  above  and  laterally  by  the  rudimentary  frontal  and 
maxillary  processes.  Fig.  129  represents  such  a  case  Avhich  is,  however, 
complicated  by  the  fact  that  the  amniotic  adhesions  had  caused  further 
deformities.  There  is  a  hernia  cerebri,  and,  in  addition  to  this,  the  left  arm 
and  a  great  part  of  the  left  thoracic  and  alxlominal  wall  are  absent,  and  the 
greater  part  of  the  thoracic  and  abdominal  viscera  have  protruded.  A  slighter 
degree  of  this  malformation  is  termed  ohlique  facial  fissure,  in  which  the  nose 
has  developed  from  the  frontal  process  and  is  more  or  less  clearly  recognisable. 
As,  however,  the  union  between  the  frontal  process  and  the  superior  maxillary 
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process  remains  incomplete  on  one  or  both  sides,  a  deep,  oblique  fissure  is  found 
between  the  mouth  and  the  eye  on  one  or  both  sides,  the  eye  being  situated  in 
the  upper  and  laterally  directed  angle. 

The  lateral  fissure  of  the  lip,  hare-lij),  labium  leporinvm,  and  the  associated 
fissure  of  the  jaw  and  palate  (cleft  palate),  are  much  more  frequently  observed. 
The  deformity  in  this  case  is  also  caused  by  imperfect  union  of  the  frontal  and 
maxillary  processes,  but  is  of  much  less  extent.  A  fissure  is  found  at  the  side 
of  the  middle  line,  unilateral  or  bi-lateral,  limited  to  the  upper  lip  (hare-lip)  or 
extending  into  the  bony  parts.  When  this  deformity  is  complete,  a  bi-lateral 
fissure  of  the  lips  is  present.  The  alveolar  process  of  the  upper  jaw  has  two 
deep  fissures,  right  and  left  of  the  premaxillary  bone,  uniting  in  the  hai'd  palate 
to  form  a  single  fissure  (cleft  palate).  In  many  families  the  various  degrees  of 
this  malformation  appear  to  be  hereditary. 

If  the  premaxillary  process  remains  very  short  and  the  maxillary  processes 
approach  each  other  without  reaching- it  completely,  ^  median  fissure  of  the  lips 


Fig.  12,9.— Complete  facial  fissure.    Abseuce 
of  the  left  thoracic  wall  (after  Forster). 


Fig.  130. — Double  hare-lip  and  cleft  palate, 
natural  size. 


Half 


and  hard  palate  ensues.  Fissure  of  the  cheel;  fissura  buccalis  congenita,  is  less 
common.  This  appears  as  a  considerable  elongation  of  the  mouth,  which  may 
extend  to  the  ears.  A  median  cleft  in  the  inferior  rnanlla  is  also  uncommon. 
This  last  condition  arises  when  th"e  right  and  left  inferior  maxillary  processes 
do  not  succeed  in  uniting.  If  union  has  occurred,  but  is  only  partial,  the 
deformity  is  limited  to  the  formation  of  a  cleft  of  the  lower  lip. 

Absence  of  the  lower  jaio  (agnathia)  is  of  more  importance.  In  this  case  the 
mouth  is  very  small,  the  ears  are  low  down  and  approach  the  middle  line 
between  the  upper  jaw  and  the  cervical  region,  synotia  (Fig.  131).  This 
malformation  renders  extra-uterine  life  impossible.  The  communication  of  the 
mouth  and  nose  Avith  the  oesophagus  and  trachea  may  often  be  absent. 


(/;)  Formation  of  Fissures  in  the  Cervical  and  Thoracic  Fegions 

When  the  branchial  clefts  close  incompletely,  narrow  canals  lined  with 
mucous  membrane  are  sometimes  found.  These  begin  at  the  inner  margin  of 
the  sterno-cleido-mastoid  muscle  and  lead  from  the  external  cutaneous  surface 
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into  the  pharynx  (branchial  fistula  in  the  neck).  In  many  cases  this  deformity  has 
been  found  to  be  hereditary  throughout  several  generations,  without  showing  any 
marked  preference  for  one  or  other  sex.  These  fistula?  are  sometimes  imper- 
fectly formed,  so  that  either  the  internal  or  external  orifice  is  closed,  or  botli 
openings  may  be  closed  and  only  the  median  portion  of  the  canal  remain,  and 
become  greatly  distended  by  seci-etion  {branchial  cysts).  These  are  also  found  in 
the  cervical  region,  high  up,  in  the  neighbourhood  of  the  external  ear. 

Connected  with  irregularities  of  the  closing  of  the  branchial  clefts,  ac- 
cording to  Stahl  and  Virchow,  are  those  tumour-like,  sessile,  or  pediculated  tissue 
growths,  situated  in  the  vicinity  of  the  external  ear  and  termed  auricular 
appendages.  They  are  formed  of  elastic  fibro-cartilage  and  fatty  tissue,  and  are 
covered  over  by  skin.  According  to  the-  investigations  of  Chiari,  similar 
formations  occur  in  the  most  varying  situations  on  the  anterior  and  posterior 
median  lines  of  the  body.  J.  Arnold  has  also  pointed  out  that  many  hairy 
and  hairless  pharyngeal  polypi  may  be  regarded  as  abnormalities,  occuiTing  at 
the  union  of  the  extremity  of  the  foregut  with  the  invagination  of  the  mouth. 

Tracheal  fisfuke,  canals  lined  with 


n 


Fig.  131.— Agnathia  and  syiiotia  (after  Ahlfekl). 


mucous  membrane  leading  from  the 
cutaneous  surface  to  the  trachea,  are 
less  common.  They  are  probably 
connected  with  abnormalities  in  the 
differentiation  of  the  trachea  from  the 
foregut.  Abnormal  communications 
between  the  trachea  and  oesophagus 
should  also  be  included  in  this  class, 
and  will  be  considered  in  the  special 
part  of  this  work  among  the  mal- 
formations of  the  trachea  and  oeso- 
phagus. 

Fissura  sterni  (fissure  of  the  ster- 
num). The  anterior  wall  of  the 
thorax  is  formed  b}^  union  of  the 
visceral  laj^ers.  If  this  union  is  not 
accomplished,  sternal  fissure  results, 
very  frequently  associated  with  abdominal  fissure.  The  sternum  is  fissured  in 
the  middle  line  or  is  absent  entirelj'',  its  place  being  often  taken  by  firm 
ligaments.  In  extensive  fissure  the  thoracic  viscera  protrude,  the  heart  especi- 
ally {ectopia  cordis).  The  protruded  viscera  are  covered  over  by  skin  or  by  a 
fold  of  the  amnion.  Under  certain  circumstances,  the  heart  is  cpiite  bare  or 
only  covered  by  the  pericardial  sac. 

Ectopia  cordis  is  very  frequently  found  in  acardiaci  (Fig.  109). 
Fissura  thoracis  lateralis  or  lateral  thoracic  fissure. — Defects  of  the  lateral 
and  postex'ior  thoracic  wall  generally  arise  as  the  result  of  amniotic  adhesions. 
The}'  are  not  common,  and  are  followed  by  prolapse  of  the  lungs  and  other 
thoracic  viscera.  The  protruded  viscera  are  either  covered  by  a  pouch  of 
amnion,  or  they  lie  free  in  the  amniotic  cavity.  Sometimes  the  defect  in  the 
thoracic  wall  is  small  and  covered  by  skin. 

Hernia  dlupliragrnatica  congenita  spuria  (fissure  of  the  diaphragm)  very 
frequently  accompanies  fissure  of  the  sternum,  and  is  therefore  seldom  absent 
in  acardiaci  (Ahlfeld).  It  occurs  also  in  otherwise  well-formed  newly-born 
infants.  In  this  condition  a  deficiency,  often  very  extensive,  is  found  in  the 
tendinous  or  muscular  portion  of  the  diaphragm,  more  commonly  on  the  left  side 
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than  on  the  right,  through  which  the  abdominal  organs  can  pass  into  the 
thoracic  cavities.  The  details  of  this  condition  will  also  be  deferred  to  the 
sjDecial  part  of  this  work. 


a  longitudinal 


(c)  Imperfect  Closing  of  the  Anterior  Abdominal  Wall 

In  fissure  of  the  sternum  and  even  in  fissures  of  the  ensiform  process,  a 
separation  of  the  tipper  part  of  the  rectus  muscles  of  the  abdomen  is  frequently 
found  :  superior  fissure  of  the  abdomen  or  hernia  abdominis  superior  (Curschmann). 
Under  the  action  of  abdominal  pressure  the  parts  of  the  abdominal  wall, 
situated  in  the  middle  line,  are  pressed 
forward  so  as  to  form 
elevation. 

The  malformations  connected 
with  the  closure  of  the  umbilicus 
are  more  numerous.  Sometimes  the 
urachus  remains  permeable  till  within 
the  umbilical  cord,  so  that  when  the 
cord  separates  a  fistulous  opening 
remains,  through  which  urine  is  evacu- 
ated (urachus  p)atens).  When  the 
virachus  is  not  completely  obliterated, 
cystic  cavities  remain  within  it  {cysts 
of  the  urachus). 

The  omphalo-mesenteric  duct  may 
also  remain  persistently  patent.  In 
this  case  a  canal,  lined  with  mucous 
membrane,  passes  from  the  small  in- 
testine (ileum)  to  the  umbilicus,  where 
it  opens  on  the  surface  when  the 
cord  separates.  The  exposed  mucous 
membrane  not  infrequently  prolifer- 
ates actively,  so  that  it  reaches  the 
surface  at  tlie  umbilicus  as  a  tumour, 
adenoma  umbiliccde.  When  involution 
of  this  duct  is  not  comjjlete,  it  be- 
comes transformed  into  a  solid  cord 
leading  from  the  umbilicus  to  a  diver- 


FiG.  132. — Hernia  fuiiiouli  uiiibilicalis. 
size. 


Half  natural 


ticulum  in  the  intestine.     Or  it  may 
persist  only  as  a  blind  sac-shaped  pro- 
cess of  the  small  intestine  with  a  free  end,  a  true  MecJcel's  diverticulum.     Its  wall 
has  all  four  intestinal  coats — mucous,  sub-mucous,  muscular,  and  serous.     At  the 
apex   of   the    diverticulum,  or  in  the  solid  cord  leading  to  the  umbilicus,  a 
few  portions  of  the  vitelline  duct  may  persist  as  cysts. 

Rernia  funiculi  umbiliccdis  {hernia  into  the  umbilical  cord). — In  mature  newly- 
born  infants  a  pouch  of  peritoneum  is  sometimes  found  in  the  first  part  of  the 
umbilical  cord,  containing  coils  of  intestine  and  sometimes  other  abdominal 
organs,  the  liver,  spleen,  or  stomach.  The  peritoneal  pouch  is  always  covered 
by  a  thin  laj'er  of  mucoid  tissue  and  amnion,  so  that  it  appears  very  transparent 
and  allows  the  outlines  of  its  contents  to  be  seen  tlirough  it.  This  wall 
further  contains  the  umbilical  vessels  and  the  remains  of  the  urachus.  Should 
the  peritoneal  pouch  be  small,  it  will  not  infrequently  be  found  to  be  empty. 
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After  the  wound  in  the  cord  has  healed  the  umbilicus  may  remain  patent,  and, 
in  consequence,  the  viscera  project  into  it,  carrying  in  front  of  them  the  skin  of 
the  abdomen  at  the  umbilicus  {hernia  umhilicalis).  This  is  thus  distinguished 
from  the  hernia  of  the  umbilical  cord  by  its  coA'ering  of  firm,  relatively  resistant 
skin  and  is  much  more  common. 

When  the  lateral  plates  of  the  embryo  are  very  imperfectly  develoj^ed,  the 
anterior  abdominal  wall  may  be  deficient  over  a  large  area.  Only  a  sac,  formed 
of  amnion  and  peritoneum,  covers  the  prolapsed  abdominal  viscera :  complete 
abdominal  fissure  (fissura  ahduminis  com2)leta).  This  sac  frequently  ruptures,  even 
during  pregnancy,  so  that  the  viscera  may  lie  free  in  the  amniotic  cavity.  In 
other  cases  rupture  takes  place  during  labour. 

The  fissure  of  the  abdominal  walls  is  sometimes  limited   to  their  inferior 
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Fig.  133. — Inversio  vesicte  with  papillary  growth.     Epispadias.    Half  natural  size. 


part.  The  median  portion  of  the  inferior  abdominal  wall  is  formed  only  by  a 
thin  membrane  derived  from  the  amnion,  Avhich  ruptures  sooner  or  later  and 
allows  the  bladder  to  prolapse  {ectopia  vesica;).  Eupture  and  fissure  of  the 
anterior  wall  of  the  bladder  frequently  coexist,  so  that  the  posterior  wall  of 
the  bladder  lies  exposed,  and  appears  as  a  dark-red  surface,  covered  by  mucous 
membrane,  on  whicli  the  orifices  of  the  urethras  are  visible  {inversio  vesicce 
urinarice).  The  urine,  which  dribbles  from  the  ureters,  keeps  the  mucous 
membrane  of  the  bladder  constantly  moist.  Fig.  133  shows  this  malformation 
in  an  adult.  The  exposed  vesical  mucous  membrane  is  greatly  proliferated, 
evidently,  as  the  result  of  the  continued  irritation,  and  forms  a  large  cauliflower- 
like tumour  or  papilloma.  The  ureters  open  from  behind  into  this  tumour, 
which  is  composed  of  rugse  of  mucous  membrane  covered  with  epithelium. 

Inversio  vesica?  is  frequently  combined  with  fissure  of  the  urethra.     The 
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median  junction  of  the  pubic  bones  does  not  take  i^lace,  the  symphysis  pubis  is 
absent,  and  the  urethra  forms  a  shallow  groove  open  anteriorly.  Penis  or 
clitoris  is  fissured  from  above  {epispadias,  Fig.  133).  The  prepuce  is  imper- 
fectly developed. 

In  many  cases  the  inferior  abdominal  fissure  extends  upwards  as  far  as  the 
umbilicus,  and  may  then  be  associated  with  hernia  of  the  umbilical  cord  ;  or 
the  delicate  amniotic  sac,  Avhich  envelops  the  hernias  of  the  umbilical  cord, 
ruptures,  and  the  protruded  portions  of  the  intestine  slough  off  at  the  level  of 
the  abdominal  wall.  The  free  ends  of  the  intestine  thus  formed,  heal  by  adhesion 
to  the  abdominal  wall.  In  such  cases,  an  artificial  anus,  or  several  such,  form  at 
the  margins  of  the  protruding  vesical  mucous  membrane,  since  the  persistent 
omphalo-mesenteric  duct,  or  a  part  of  the  ileum  or  coecum  opens  freely  on  the 
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Fig.  134. — Inferior  abdominal  Assure  with  iuversio  vesic*  Fir..  135. — Hypospadias.     Half  natural  size, 

and  multiple  abnormal  anal  openings  (after  Rossum). 
/,  Umbilical  cord ;  il,  protruding  ileum ;  v,  opening  of 
the  vermiform  process  ;  h,  u,  openings  of  the  ureters ; 
col,  orifice  of  the  colon  ;  cwc,  orifice  of  the  ca-cum  ;  gl, 
(jl,  the  two  halves  of  the  glans  jjenis ;  c.gall,  corjjus 
gallinagiuis  ;  so,  sc,  scrotum. 

floor  of  the  fissure.  The  normal  anus  may  be  absent  {atresia  ani).  The  hind 
gut  may  end  blindly  or  open  into  the  bladder,  where,  also,  it  forms  an  abnormal 
anus.  Lastly,  portions  of  the  intestinal  walls  may  prolapse  through  all  these 
intestinal  orifices,  and  form  snout-like  projections  covered  externally  by  mucous 
membrane  (Fig.  134). 

Epispadias  is  sometimes  found  unaccompanied  by  other  malformations, 
""he  male  sex  is  much  more  commonly  affected  in  this  way,  superior  fissure  of 
'.he  clitoris  being  very  rare.  In  the  first  case  the  penis  is  short  and  the 
urethra  appears  as  a  groove,  lined  by  mucous  membrane,  on  the  dorsum  of  the 
organ.  The  bladder  opens  into  the  upper  end  of  this  groove.  The  prepuce  is 
short  and  forms  a  fold  of  skin  which  is  cleft  above.  The  fissure  of  the  urethra 
is  sometimes  imperfect,  so  that  it  only  involves  the  anterior  portion  of 
the  penis. 
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Hyi)ospadias,  or  fissure  of  the  penis,  about  to  be  descriljed,  is  a  much  more 
common  occurrence.  The  urethra  opens  on  the  under  surface  of  the  base  of 
the  penis  (Fig.  135),  or  on  the  under  surface  of  the  glans  penis.  In  this  case 
the  penis  may  remain  very  small,  so  that  it  presents  a  certain  resemblance  to 
the  clitoris.  If,  at  the  same  time,  the  orifice  of  the  male  uro-genital  sinus  remain 
wide,  the  sinus  deep,  and  the  testicles  do  not  descend,  the  scrotum  resembles 
the  labia  majora,  and  individuals  with  this  malformation  may  be  regarded  and 
brought  up  as  females,  until  the  sexual  instinct  develops  and  a  more  accurate 
examination  is  made.  It  has  sometimes  been  difficult  to  determine  the  sex 
even  after  such  an  examination.  Hypospadias  appears  to  be  due  to  an  arrest 
of  the  development  of  the  genital  organs  at  an  early  stage,  when  the  uro-genital 
sinus  opens  below  the  genital  eminence. 

In  still  earlier  stages  of  embryonic  existence  the  intestine,  as  Avell  as  the 
urinary  and  genital  organs,  open  into  the  allantois.  Should  this  condition 
remain,  Ave  speak  of  a  persistence  of  the  cloaca,  and  in  this  case  the  normal 
opening  of  the  anus  is  absent  (atresia  ani).  Persistence  of  the  cloaca  may  be 
associated  with  fissure  of  the  bladder. 

If,  however,  the  anterior  Avail  of  the  bladder  be  closed,  the  normal  excretory 
canals  of  the  urinary  and  genital  apparatus  may  be  formed,  Avhile  the  intestine, 
under  certain  circumstances,  instead  of  opening  at  the  normal  situation,  remains 
in  communication  Avith  the  bladder,  urethra,  or  vulvo-vagina  (anus  vesiadis,  anus 
7irethralis,  anus  vulvo-vaginalis).  This  abnormal  opening  of  the  intestine  may  be 
situated  still  further  dowuAA^ards  in  the  vulva,  scrotum,  or  perineum  [anus 
vulvalis,  scrotalis,  perinealis).  In  anus  A'esicalis  the  urethra  is  frequently  found 
closed,  so  that  the  bladder  is  distended  by  its  abnormal  contents  and  impedes 
tlelivery.  The  numerous  remaining  malformations  of  the  genital  organs  Avill 
be  more  appropriately  dealt  AAdth  in  the  special  parts  of  this  book. 

3.  Disturbances  in  the  Closing  of  the  Posterior  Median  Line  of  the  Body 
The  central  nervous  system  is  formed  from  a  groove-like  iuA^agination  or 
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Fig.  136.— Normal  develoiiiueut  of  the  medullary  tube.    A,  MeduUaiy  groove  open  ;  B,  medullary  groove  just 
about  to  close  ;  C,  meduUary  tube  closed  aud  divided  off. 


fold  in  the  superior  germinal  layer.      "When  the  Avails  of  this  fold  unite  pos- 
teriorly, the  medullary  groove,  Avhich  AA'as  open  originall}^,  becomes  the  entirely 
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closed  medullary  tube,  which  is  subsequently  divided  otF  from  the  sui:)erior 
germinal  layer  and  forms  the  rudiment  of  the  brain  and  spinal  cord.  The 
lumen  of  this  medullary  tube,  therefore,  corresponds  to  the  central  canal  of  the 
spinal  cord  and  the  ventricles  of  the  brain. 

When  the  fusion  of  the  walls  of  the  medullary  groove  is  absent  throughout 
its  entire  length,  fissure  of  the  skull  and  back  (cranio rachischisis  totalis)  results, 
because  the  vertebral  arches  and  the  cutaneous  and  muscular  coverings  of  the 
posterior  aspect  of  the  spinal  cord  are  hindered  in  their  development  so  long 
as  the  medullary  groove  remains  open  posteriorly.  On  the  dorsal  aspect  of 
the  head  and  trunk  of  the  ftetus,  in  this  condition,  there  is  a  wide  flattened 
fissure,  in  the  middle  of  which  more  or  less  extensive  traces  of  a  thin  layer 
of   soft,    vascular    tissue   are   met   with.     Very   often,   however,    the   anterior 
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Fig.  137. — Crauioraeliisclnsis.     One-third  natural  size,     a,  Rudimentary  spinal  cord,  open  posteriorly;' 

b,  tlie  remains  of  tlie  fore-braiu. 

portions  of  the  brain,  especially  the  optic  vesicles,  are  relatively  well  formed. 
The  nose  and  eyes  are  not  noticeably  misplaced,  although  the  eyes,  more 
especially,  project  greatly  from  the  flattened  skull.  The  spinal  column  and 
the  base  of  the  skull  are  also  abnormally  curved.  The  characteristic  appear- 
ance of  the  face  and  position  of  the  body  of  such  embryos  is  given  in  Fig.  138 
on  a  small  scale. 

Similar  appearances  Avere  found  in  the  cases  in  which  the  patency  of  the 
medullary  groove  was  confined  to  certain  fairly  extensive  areas,  either  to 
the  whole  length  of  the  spinal  cord  and  spinal  column  {rachischisis  totalis),  or  to 
the  cervical,  dorsal,  or  lumbar  regions  of  the  spinal  column  (rachischisis  pcuiialis, 
cervicalis,  clorsalis,  or  lumhalis). 

The  investigations  of  Virchow,  W.  Koch,  v.  Recklinghausen,  and  Chiari 
have    shown    that    the    delicate    red    mass    of   tissue    found    in    the    median 
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portion  of  the  gaping  dorsal  fissure,  consists  of  unusually  vascular  spinal 
cord  and  is  entirely  covered  by  a  single  delicate  layer  of  cylindrical  epi- 
thelium. The  latter  corresponds  to  the  epithelial  lining  of  the  patent  central 
canal  of  the  spinal  cord  and  the  ventricles  of  the  brain,  which  are  also  open 

posteriorly.  At  the  margin  of  the  fis- 
sured rudimentary  brain  and  spinal  cord, 
the  cylindrical  epithelium  is,  originally,  in 
direct  continuation  with  the  squamous  epi- 
thelium of  the  skin.  The  cylindrical  epi- 
thelium, it  is  true,  is  often  missed  in 
examination,  as  its  delicate  nature  renders 
its  preservation  diflficult. 

Among  the  patches  of  cylindrical  epi- 
thelium in  the  central  portions  of  the  dorsal 
fissure,  rudiments  of  gray  and  white 
medullary  substance  are  found,  arranged 
in  a  manner  that  corresponds  to  absence 
of  union  of  the  walls  of  the  medullary 
groove.  The  substance  of  the  spinal  cord 
is  flattened  out,  and  underneath  it  is  the 
very  vascular  tissue  of  the  pia  mater  and 
arachnoid.  If  these  be  carefully  raised,  a 
narrow  space  is  exposed,  corresponding  to 
the  arachnoi<leal  or  subdural  space,  and 
traversed  by  the  nerve  roots  and  ligamen- 
tum  denticulatum.  Lastly,  a  fibrous  membrane,  corresponding  to  the  dura 
mater,  lies  on  the  vertebra?. 

In  partial  rachischisis  these  changes  are  limited  to  short  segments  of  the 
spinal  column.  Tlie  flattened,  spread-out,  rudimentary  cord  passes  above  and 
below  into  normally  formed  spinal  cord  (Fig.  140).  In  such  cases  a  collection 
of  fluid  is  very  often  formed  at  the  same  time  in  the  subdural  space  and  in 
the  meshes  of  the  arachnoid.  This  collection  of  fluid  has  often  been  regarded 
as  the  cause  of  the  malformation.      W.  Koch  has  shown,  however,  that  such  a 


Fig.  138.  —  Crauiorachischisis.  Representing 
the  same  preparation  as  in  Fig.  137.  One- 
fifth  natural  size. 


Fig.  139. — Diagrammatic  section  of  the  rudimentary  spinal  cord  and  membranes  in  racliiscliisis.  (/,  Cylindrica 
epithelium  of  the  patent  central  canal,  pa.ssing,  at  the  margins,  into  5,  ?>,  the  epithelial  cutaneous  covering  ; 
c,  c,  gray  matter,  and  rf,  (/,  white  matter  of  the  spinal  cord  ;  c.  e,  median  (anterior)  motor  nerve  roots  ; 
/,  /,  lateral  (posterior)  sensory  nerve  roots  ;  <j,  ij,  pia  mater ;  h,  arachnoid  ;  i,  i,  dura  mater ;  /,-,  k,  ligamentum 
denticulatum. 


view  is  not  tenable,  as,  under  normal  circumstances,  the  medullary  groove  has 
closed  before  the  tissues  of  the  dura  and  pia  arachnoid  are  differentiated. 
Disease  of  the  memliranes  therefore  cannot  be  regarded  as  the  cause  of  the 
persistent  patency  of  the  medullaiy  groove.  It  is  rather  the  patency  of  the 
medullary  groove  Avhich  forms  the  starting-point   of  the  lesion,  and,   subse- 
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quently,  leads  to  imperfect  growth  of  the  tissues  which  embrace  the  spinal  cord 
from  behind,  i.e.  dorsal  ridge  (v.  Recklinghausen).  As  this  author  pointed 
out,  imperfect  development  of  the  lateral  plates  of  the  embryo  is  often  associ- 
ated with  imperfect  development  of  the  dorsal  ridge,  so  that  abnormalities  in 
the  closing  of  the  anterior  middle  line  are  comparatively  often  combined  with 
dorsal  fissure.  The  subsequent  collection  of  fluid  between  the  membranes  of  the 
patent  spinal  cord  is  the  result  of  the  circumstance  that  tlie  spinal  cord  is 
exposed  and  lacks  the  protection  of  the  vertebral  arches,  the  muscles,  and  the 
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Fig.  140. — Rachiscliisis  lumbosacralis  (after  v.  Recklinghausen).  The  dorsal  surface  of  the  soft  parts  of  the 
back  were  normal,  n,  a,  Flattened  and  extended  rudimentary  spinal  cord  (area  medulla  vasculosa) ; 
h,  proximal,  and  e,  distal,  furrows,  forming  the  entrance  to  the  closed  portion  of  the  central  canal  of  the 
spinal  cord  ;  iJ,  exposed  pia  (zona  epitlieloserosa) ;  c,  squamous  epithelium  of  the  skin  (zona  derniatica). 
The  covering  of  cylindrical  epithelium  on  the  medullary  groove  was  lost  in  this  case.  R,  The  spinal  cord, 
exposed  by  an  incision  in  the  skin.  An  incision  has  been  made  through  the  middle  of  the  preparation,  to 
show  the  sub-arachnoid  space  traversed  by  nerve  roots  and  ]irocesses  of  arachnoid. 

skin.  The  pressure  of  the  cerebro- spinal  fluid,  although  certainly  not  great, 
pushes  the  slightly  resistant  parts  outwards,  so  that  they  form  a  sac  in  which 
the  fluid  collects. 

In  these  cases,  tumours  of  varying  size,  filled  with  fluid  and  sometimes 
projecting  markedly  above  the  general  cutaneous  surface,  occur,  mostly  in  the 
sacral  or  cervical  regions.  This  is  the  myelomeningocele  sacralis  or  cervicalis, 
which  is  also  frequently  described  simply  as  a  form  of  spina  bifida.  On  the 
highest  point  of  the  convexity  of  these  tumours  a  depressed  area  is  found  (Fio-. 
1-il)  which  is  either  cicatrised  or  forms  a  small  portion  of  the  central  canal  of 
the  cord,  open  externally.     This  depressed  area  may  be  surrounded  on  all  sides 
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by  the  skin.  In  other  cases,  the  covering  of  the  tumour  has  thinner  walls. 
It  is  only  at  the  margins  of  the  tumour  that  it  consists  of  the  tissues  of  the 
skin,  while  in  the  middle  of  the  tumour  it  presents  the  alread}'  mentioned 
characters  of  the  rudimentary  spinal  cord,  patent  posteriorly.  If  the  tumour 
is  incised,  a  cavity,  filled  with  fluid,  is  opened  into  (Fig.  142).  Through  this 
the  spinal  cord  passes  from  the  fissure  in  the  spinal  column  to  that  part  of  the 
wall  of  the  sac  which  is  marked  externally  by  the  depression.  The  spinal  cord 
here  penetrates  the  wall  of  the  sac,  to  which  at  this  point  it  is  firmly  bound 
down,  and  becomes  exposed  on  the  surface  of  the  skin.  If  no  cicatrisation  has 
occurred,  the  epithelium  of  the  central  canal  is  continuous  with  the  epithelium 
of  the  skin,  since  the  spinal  cord  is  not  closed  at  the  adherent  part.  From 
here  the  spinal  cord,  supported,  as  a  rule,  by  the  filum  terminale,  passes  back, 
unattached,  through  the  cavity  to  the  distal  termination  of  the  fissure  of 
the  spinal  column.  Lastly,  from  the  parts  of  the  spinal  cord  Avhich  are  free  in 
the  cavity  of  the  sac,  as  well  as  from  those  wnich  are  adherent  to  the  skin, 


Fig.  141. — Myelomeningocele 
sacralis  (after  Furster). 


Fig.  142. — Myelomeningocele  sacralis.     Somewhat 
diagrammatic,    o,  Filum  terminale. 


there  arise  a  number  of  nerve  roots.  These  run  as  shining  white  cords,  partly 
free  in  the  cavity  of  the  sac,  partly  lying  on  the  sac  walls,  back  into  the  verte- 
bral groove,  penetrate  the  dura,  and  then  pass  out  through  the  intervertebral 
foramina. 

Lastly,  the  walls  of  the  sac  are  formed  by  the  dura  mater  and  a  separated 
layer  of  the  arachnoid,  while  the  spinal  cord  is  covered  by  the  pia  and  a  second 
layer  of  the  arachnoid.  The  accumulation  of  fluid  is  thus  chiefly  found  between 
the  lamellae  of  the  arachnoid ;  but  sometimes  a  considerable  cpiantity  of 
fluid  is  found  between  the  dura  and  the  arachnoid.  At  the  apex  of  the  sac,  as 
far  as  the  fissured  spinal  cord  is  exposed,  the  dura  is,  of  course,  absent.  Only 
pia  and  arachnoid  lie  below  the  spinal  cord  in  this  situation. 

Myelomeningocele  cervicalis  is  similarly  constituted,  and  analogous  malforma- 
tions in  the  region  of  the  brain  will  afterwards  be  described.  Some  other 
varieties  of  malformations,  however,  occur  in  the  spinal  column,  combined  with 
sj)ina  bifida,  of  which  meningocele  will  be  first  described.  In  this  condition  the 
spinal  cord  is  not  directly  involved.      These  are  only  accumulations  of  fluid  in 
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the  membranes  of  the  spinal  cord  which  distend  the  dura  mater  in  the  form 
of  a  sac,  most  frequently  in  a  posterior  direction  [meningocele  posterior).  This 
is  often  associated  with  defects  in  the  A'ertebral  arches,  and,  like  the  mal- 
formation previously  discussed,  is  most  common  in  the  sacral  region.  It  is 
often  small,  so  that  no  external  deformity  occurs,  the  projecting  sac  being 
concealed  by  the  soft  parts.  In  other  cases,  deficiency  of  the  bodies  of  the 
vertebrae  is  found,  with  protrusion  forwards  of  the  membranes  of  the  spinal 
cord  {meningocele  anferm-). 

A  less  common  occurrence  than  the  meningocele  is  the  myelocystocele,  hydro- 
myelocele,  or  syringomyelocele,  which  is  caused  by  accumulations  of  fluid  in  the 
central  canal  of  the  spinal  cord.  The  dift'use  dilatation  of  large  sections  of  the 
central  canal  Avhich  is  called  syringomyelia,  and  also  occurs  as  a  congenital 
malformation,  must  be  clearly  distinguished  from  the  sac -shaped  dilatations 
of  isolated  portions  of  the  central  canal  now  under  discussion.  The  wall  of 
a  syringomyelocele  consists  of  spinal  cord  substance  and  its  membranes,  and 
the  sacs  are  lined  with  cylindrical  epithelium,  as  is  the  Avhole  central  canal 
(v.  Recklinghausen).  These  formations  are  associated  with  defects  of  the 
bodies  or  arches  of  the  vertebr?e  and  may  give  rise  to  lateral  openings  in  the 
vertebral  canal. 

Craniorachi.^chisis  totalis  may  form  the  starting-point  for  consideration  of 
analogous  malformations  in  the  region  of  the  brain.  If  this  condition  is  limited 
to  the  region  of  the  brain,  cranioschisis,  hemicejohalia,  or  acrania  results.  The 
vault  of  the  skull  is  absent,  comiDletely  or  throughout  its  greater  part. 
On  the  abnormally  curved  base  of  the  skull  lies  a  reddish  mass  of  tissue, 
frequently  bleeding  at  birth,  in  which  traces  of  the  brain  substance  are  either 
completely  absent  {anencephalia)  or  are  present  in  varying  amount.  From 
the  diminutive  size  of  the  base  of  the  skull  and  the  prominence  of  the  eyes 
and  jaw,  the  shape  of  the  head  becomes  peculiar  and  characteristic,  leading 
to  the  name  of  cat-  or  toad-head  (Fig.  143). 

If  the  head  of  such  a  monster  be  sawn  through  in  the  mesial  plane  with 
a  fine  saw,  it  will  be  distinctly  seen  that  these  appearances  are  also  caused 
by  persistent  patency  of  the  medullary  groove,  of  course  in  its  anterior  portions. 
In  Fig.  144  the  parts  in  the  sawn  surface  are  sharply  outlined.  Below"  the 
lightly  shaded  surface  of  the  skull  a  darker  mass  of  tissue  {h)  is  drawn  which 
represents  the  immediate  continuation  of  the  spinal  cord.  The  more  lightly 
shaded  parts  (a)  above  this  darker  layer  do  not  lie  in  the  plane  of  the  section. 
They  represent  the  surface  of  the  skull,  seen  in  perspective. 

If  this  malformation  be  examined  more  closely,  it  will  be  found  that  the 
eyes  are  well  developed,  and  that  probably  the  anterior  cerebral  vesicle  was 
present  in  rudiment  at  least.  There  is  a  median  fissure  of  the  upper  lip, 
perhaps  connected  with  imperfect  development  of  the  olfactory  lobe,  as  will  be 
more  minutely  described  in  dealing  with  arhinencephalus.  The  cerebral  vesicle 
lies  exposed  on  the  floor  of  the  skull  and  merges  laterally,  anteriorly,  and 
posteriorly  into  the  cutaneous  coverings  in  a  fashion  similar  to  that  already 
described  in  rachischisis.  Only  the  medulla  oblongata — that  is,  the  region  of 
the  hind -brain — appears  to  be  developed  to  any  extent.  Behind  the  medulla 
oblongata  there  is  some  tissue,  shaded  somewhat  dark  in  the  drawing,  which  is 
perhaps  proliferated  choroid  plexus  of  the  fourth  ventricle,  and  below  this  the 
section  of  the  tabular  part  of  the  occipital  bone. 

The  relations  of  the  malformation  represented  in  mesial  section  in  Fig. 
145  appear  to  be  somewhat  different.  The  eyes,  oral  cavity,  and  nose  are 
well   developed,  and  also  some  bones  of   the   anterior   parts  of  the  vault   of 
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the  skull.  The  cerebiuim,  however,  protrudes  from  tlie  skull,  which  is  open 
posteriorly,  and  is  only  covered  by  a  delicate  membrane,  consisting  partly  of 
brain  membranes,  and  partly   of  processes  of  the   skin.       Below  the  bag-like 

cerebrum,  which  hangs  down  on  the  back, 
a  thin  lamella  of  brain  matter  lies  on  the 
floor  of  the  skull  and  is  in  connection  with 
the  spinal  cord. 

It  may  be  assumed  in  those  cases  that 
a  part  of  the  cerebral  vesicles  remained 
unclosed  in  the  embryo  as  a  fissure, 
patent  posteriorly.  Into  these  the  cen- 
tral canal  of  the  spinal  cord  or  the  aque- 
ductus  Sylvii  may  open,  and  since  parts 
at  least  of  the  cerebrum  are  developed, 
an  opening  from  the  ventricles  on  to  the 
surface  of  the  brain  mass  is  quite  to  be 
expected,  similar  to  that  described  in 
connection  with  the  central  canal  of  the 
cord  in  partial  rachischisis.  I  have  not 
as  yet  been  able  to  jii'ove  this  with 
certainty,  but  have  succeeded  in  doing 
so  Avith  regard  to  a  malformation  of 
the  kind,  combined  with  rachischisis,  in  which  the  brain  was  somewhat  less 
deformed,  notwithstanding  the  fissure  of  the  skull. 

The  fairly  large  foetus  (Fig.    146)  has  a  broad  fissure  on  its  back,  passing 


Fio.  143.— Cranioschisis.     The  right  upper  arm 
is  removed.    Half  natural  size. 


Fig.  144. — Median  section  of  the  case  of  cranioschisis  drawn  in  Fig.  143.  Reduced  in  the  proportion  of  14  :17. 
a,  Surface  of  the  liead  seen  foreshortened ;  6,  rudimentary  brain,  cut  surface ;  c,  median  fissure  of  lip ; 
d,  occipital  bone. 

without  distinct  boundary  into  the  vault  of  the  skull.  An  indication  of 
the  formation  of  two  hemispheres  can  be  seen,  and  somewhat  behind  them, 
in  the  middle  line,  there  is  a  distinct,  transverse,  slit-like  opening. 
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On   the   median  section  (Fig.    147)  the  marked  shortening   of  the  spinal 
column  (which  is  not  connected  with  the  pelvis)  may  be  observed.     Behind 


Fig.  145.— Crauioschisis  median  fissure  of  the  lip.    h,  a,  Bones  of  the  base  of  tlie  skull  ;  h,  h  bony 
vault  of  the  skull.    Five-sevenths  natural  size. 

the  spinal  column  lies  a  cavity  traversed  Ijy  nerves  and  meshes  of  the 
arachnoid,  (c)  its  outer  covering  being  formed  by  arachno-pia  and  the  flattened- 
out    rudimentary    spinal    cord    h    (rachischisis).       The    brain    ajipears    as    an 


Fig.  146. — Craniorachlschisls.    Seen  from  behind.    Eleven-twentieths  natural  size. 


irregularly  shaped  vesicle  which  opens  externally  and  posteriorly  b}'  the  slit- 
shaped  orifice  a,  and  is  covered  by  cerebral  membranes  and  a  thin  layer  of  skin. 
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In  this  case  there  is  a  direct  communication  between  the  cutaneous  surface 
and  the  internal  surface  of  cerebral  ventricles  at  the  opening  a,  and  this  goes 


m 


Fig  147. — The  fcetus  represented  in  Fig.  146.  Mesial  section  through  head  and  thorax.  ReiUiced  in  yiroportion 
19  :  16.  a,  Slit-sliaped  canal  leading  to  tlie  cerebral  ventricles  ;  h,  rudimentary  spinal  cord,  open  posteilorly, 
medullary  groove  ;  c,  arachnoldeal  cavity,  traversed  by  nerve  roots  and  processes  of  arachnoid. 

to  prove  that  the  malformation  arose  from  the  persistent  patenc}''  of  isolated 
portions  of  the  medullary  groove.  It  must  remain  undecided,  however,  until  a 
minute  investigation  of  serial  sections  is  made,  whether  the  covering  of  the 
cerebral  ventricle,  seen  in  Fig.  147,  is  formed  only  of  fore-brain,  thus  corre- 
sponding 'to  the  cerebral  hemispheres,  or  if 
mid  and  hind  brain  also  take  part  in  the 
formation  of  the  roof.  In  this  event,  which 
appears  to  me  to  be  more  probable,  the 
diagram  in  Fig.  148  will  explain  the  condi- 
tion. The  medullary  groove  had  remained 
open  from  its  caudal  extremity  to  the  point 
P,  corresponding  to  the  roof  of  the  fourth 
ventricle.  At  the  same  point  P,  the  entrance 
to  the  cerebral  ventricles  was  found,  limited 
in  front  by  the  rudimentary  cerebellum  c. 
The  roof  of  the  ventricles,  however,  was 
formed  by  mid -brain  m  (corpora  quadrige- 
mina)  and  by  fore-brain  (cerebrum). 

After     having     described     these    types 

of    extensive   cranioschisis   it   must,  in    the 

first  place,  be  pointed  out  that   the  mass  of   nerve   tissue  which   covers   the 

upper  surface  of  the  base  of  the  skull  in  these  malformations,  generally  shows 

many  defects  and  is  often  rendered  unrecognisable  by  the  great  development 


Fig.  148. — Schematic  longitudinal  section  of 
the  brain  of  a  fcetal  calf,  3 '9  cm.  long. 
Constructed  on  the  plan  of  an  Illustration 
by  KoUiker.  v.  Fore -brain;  to,  mid- 
brain ;  c,  rudimentary  cerebellum ;  6, 
curve  of  the  pons  ;  P,  plexus  in  the  roof  of 
the  foui'th  ventricle  ;  /•,  spinal  cord. 


CRANIORACHISCHISIS  215 

of  its  capillaries.  It  has  already  been  mentioned  that  it  may  completely  dis- 
appear. 

Next  arises  the  question  of  etiology.  In  this  connection  it  may  be  pointed 
out  that  LebedefF  was  the  first  to  demonstrate  persistent  patency  of  the 
medullary  tube  as  the  cause  of  craniorachischisis,  by  investigations  on  chicken 
embryos  and  an  early  human  fcetus.  His  researches  were  confirmed  and 
extended  by  my  own  cases,  just  described.  Although  Lebedeft'  tried  to  prove  that 
the  abnormal  curvature  of  the  base  of  the  skull  was  the  cause  of  the  persistent 
patency  of  the  medullary  groove,  I  must  remark,  in  opposition  to  this,  that 
the  abnormal  angle  of  the  base  of  the  skull  may  also  be  regarded  as  a  result 
of  the  persistent  patency  of  the  medullary  groove.  As  a  matter  of  fact,  I  have 
no  doubt  that  the  patency  of  the  medullary  groove  and  the  consequent  deficiency 
in  the  vault  of  the  skull  must  necessarily  entail  abnormal  ciarvature  of  the  base 
of  the  skull.  The  special  conditions  in  the  individual  cases  then  determine 
whether  the  curvature  be  increased  or  diminished.  The  causes  of  the  cranio- 
schisis  cannot  diflier  in  any  essential  points  from  the  causes  which  bring  about 
rachischisis.  Lebedeff's  view  is  quite  insufficient  as  an  explanation  of  the 
latter,  since  in  rachischisis  the  curvature  of  the  spinal  cord  is  even  less  than 
normal  in  some  parts,  whereas,  according  to  Lebedeff,  the  increase  of  the 
curvature  is  supposed  to  give  rise  to  the  patency  of  the  medullary  groove. 
Both  in  cranioschisis  and  rachischisis  the  persistent  patency  of  the  medullanj  groove 
forms,  apart  from  a  few  cases  of  ruptured  hydrocephalus,  the  anatomiccd  condition 
which  determines  the  lesion.  The  lesion,  however,  appears  in  the  form  of  an 
interference  with  development  which  first  involves  the  rudimentary  cerebro- 
spinal axis,  but  does  not  usually  limit  itself  to  this.  In  fact,  cranio-  and  rachi- 
schisis are  always  associated  with  disturbances  of  the  development  of  the  spinal 
column  and  often  with  disturbances  of  the  closing  of  the  anterior  middle  line 
of  the  body,  with  umbilical  hernia,  abdominal  fissure,  and  malformations  of  the 
extremities.  From  these  facts  v.  Recklinghausen  has  drawn  the  conclusion 
that  insufficient  development  of  the  lateral  plates,  and,  especially,  of  the  dorsal 
ridge  of  the  embryo,  results  in  persistent  patency  of  the  medullary  groove. 
This  purely  mechanical  view  does  not  appear  to  do  justice  to  all  the  facts. 
The  facts  which  will  subsequently  be  brought  forward  in  reference  to  arhin- 
encephalus,  show  that  malformations  of  the  anterior  end  of  the  medullary  tube 
are  frequently  combined  Avitli  malformations  of  other  parts,  e.g.  the  upper  and 
lower  limbs.  In  my  opinion,  therefore,  it  is  more  suitable  to  regard  the 
malformations  of  the  lateral  plates,  and  of  the  extremities  which  develop  from 
them,  as  consequent  on  the  malformation  of  the  medullary  tube. 

The  locally  limited  fissures  of  the  skull,  analogous  to  myelomeningocele  and 
meningocele  sacralis,  dorsalis,  and  cervicalis,  require  to  be  considered  here. 
These  are  the  varieties  which  are  termed  encephalomeningocele,  encepludocele,  and 
meningocele.  Virchow  has  already  pointed  out  that  the  most  visual  and  frequent 
situation  for  these  malformations  is  in  the  median  plane.  They  chiefly  affect 
the  tabular  portion  of  the  occipital  bone.  Here  they  form  the  typical  encephaJo- 
menUigocele  occipitcdis  in  the  shape  of  a  pouch-like  appendage  at  the  back  of  the 
head  (Fig.  149).  This  may  be  of  varying  size.  If  this  be  more  closely 
examined,  say  in  a  mesial  section  (Fig.  150),  it  shows,  somewhere  under  the 
cutaneous  covering,  a  thicker  or  thinner  sac,  filled  with  fluid  and  formed  of 
dura  and  parts  of  the  arachnoid.  Into  it  parts  of  the  brain  enter  and  are 
firmly  adherent  at  some  point  on  the  posterior  circumference  of  the  sac.  This 
is  the  point  at  which,  originally,  the  medullary  groove  had  not  succeeded  in 
closing.     A  small  cicatrised  area  or  a  little  hea])  of  reddish  vascular  tissue  some- 
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times  appears  on  the  external  surface  of  the  sac  as  the  remains  of  the  patent 
medullary  groove.  In  other  cases,  the  point  of  adhesion  is  not  recognisable 
externally,  as  in  the  analogous  formation  on  the  sacrum,  the  mydomcnmgocele 
sacralis,  but  is  covered  by  epidermis. 

Similar  sacs  forming  the  encephalomeningocele  sincipitalis  are  found  on  the 
anterior  aspect  of  the  skull,  in  the  neighbourhood  of  the  glabella,  at  the  root  of 
the  nose,  sometimes  even  extending  into  the  nasal  cavities  (Fig.  151).  Such 
formations  have  also  been  observed  on  the  vertex. 

If,  in  such  cases,  there  is  no  collection  of  fluid  in  the  sac,  which  thus 
contains  brain  substance  only,  besides  the  brain  membranes,  the  condition  is 
termed  encephalocele.  A  specially  high  degree  of  encephalocele  sometimes 
occurs  at  the  occiput,  with  or  without  rachischisis  (Fig.  152).  The  sac  then 
contains  nearly  the  whole  of  the  brain,  and  therefore  hangs  on  the  back  of 
the  foetus — notencephalus  (from  rwrov,  the  back). 

Lastly,  on  the  skull,  as  on  the  spinal  cord,  sacs  occur  which,  besides  the 
membranes,  only  contain  fluid  {meningocele  occipitalis,  sincipitalis). 


Flu.  14ii. — Encephalomeningocele 
occijjitalis. 


Fig.  150. — Encephalomeningocele  occipitalis  in  mesial 
section.    Somewhat  schematic.    Half  natural  size. 


The  pouch -like  protrusions  of  the  scalp,  filled  Avith  brain  membranes, 
brain  substance,  and  fluid,  which  have  just  been  described,  have  also  been 
termed  cerebral  hernia  (hernia  cerebri),  anterior  and  posterior.  Similar  for- 
mations have  been  described  on  the  lateral  and  inferior  portions  of  the  skull- 
cap and  are  called  meningocele,  encephalocele,  or  encephalomeningocele, 
according  to  their  contents.  Their  explanation  is  still  a  matter  of  considerable 
difficulty.  Many  of  these  cases,  certainly,  may  be  shown  to  be  directly  pro- 
duced by  adhesions  between  the  skull-cap  and  folds  of  the  amnion,  Avhich  give 
rise  to  the  deformity  by  external  traction. 

The  conditions  in  the  brain  which  correspond  to  the  conditions  of 
salpingomyelus  and  myelocystocele  in  the  spinal  cord  are  comparatively 
common.  Hydrocephalus  internus  congenitns  (the  analogue  of  salpingomyelus, 
the  diffiise  dilatation  of  the  central  canal  of  the  spinal  cord)  is  to  be  included  in 
this  class.  It  appears  in  the  form  of  cystic  dilatation  of  the  cerebral  ventricles, 
round  which  the  brain  substance  forms  only  a  thin  sheath.  The  lining  of 
cylindrical  epithelium  can  be  demonstrated  without  difficulty  on  the  walls  of 
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the  dilated  ventricles.  Considerable  enlargement  of  the  skull  and  many 
defects  of  ossification  are  present  at  the  same  time.  Many  cases  of  congenital 
hydrocephalus  live  for  years,  in  which  case  the  accumulation  of  fluid  in  the 
ventricles  may  considerably  increase  after  birth.  In  other  cases  the  cerebral 
vesicle  and  the  vault  of  the  skull  may  rupture  at  birth  or  in  the  uterus 
during  foetal  life  (Billroth,  Heine).  This  occurrence,  when  it  takes  place  in 
utero,  need  not  necessarily  entail  the  death  of  the  foetus.  If  it  be  borne  in 
mind,  further,  that,  according  to  observations  by  Meckel,  Otto,  and  Rudolphi, 
high  degrees  of  hydrocephalus  may  occur  in  the  first  weeks  of  foetal  life, 
there  can  be  no  doubt  that  many  cases  of  cranioschisis  arise  from  the 
rupture  of  the  vault  of  the  skull  and  of  previously  closed  cerebral  vesicles 
distended  by  hydrocephalus.  This  always  appears  to  be  a  rare  event,  and 
Forster  was  wrong  in  describing  it  as  the  usual  cause  of  all  forms  of  cranio- 
schisis.    A  revieAv  of  the  published  cases,  however,  shows  that  cranioschisis 
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Fig.  151.— Eiicephalomeningocele  sincipitalis. 
One-fourth  natural  size. 


Fig.  152. — Notencephalus.    Half  natural  size. 


owes  its  origin  to  very  various  causes,  of  which  the  persistent  patency  of  the 
medullary  groove,  as  a  result  of  some  hindrance  to  development,  and  the 
gradual  rupture  of  hydrocephalic  cerebral  vesicles  have  been  most  satisfactorily 
demonstrated. 

Virchow  has  already  described  the  dilatation  of  isolated  portions  of  the 
cerebral  ventricles  as  analogous  to  myelocystocele  of  the  cord.  The  hydrops 
cysticus  cornu  posterioiis,  a  fairly  common  malformation,  belongs  to  this  group. 
The  posterior  horn  of  the  lateral  ventricle  of  the  brain  is  obliterated  at  one 
part,  and  behind  the  obliteration  the  end  of  the  posterior  horn  is  markedly 
dilated  and  filled  with  fluid.  Hydrops  ventriculi  quarti  appears  to  be  still  more 
common.  The  dilated  ventricle  sends  a  pouch-like  dilatation  round  the 
medulla  oblongata,  which  emerges  below  the  pons  between  the  medulla  and 
cerebellum  and  may  exert  pressure  on  neighbouring  nerves,  the  root  of  the 
facial  especially.  Hyd.ropjs  ventricidi  cpiinti  (dropsy  of  the  fifth  ventricle)  may 
occur  in  like  manner. 
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In  all  the  malformations  of  the  brain  as  yet  described,  the  anterior  parts  of 
the  fore-brain,  especially  the  optic  vesicles  and  the  olfactory  bulb,  are  only 
slightly  involved.  The  eyes  are  mostly  well  formed,  even  although,  according 
to  Manx,  the  retina  shows  few  or  no  nerve  fibres.  There  are,  however,  some 
characteristic  and  interesting  malformations  in  these  anterior  parts  of  the  central 
nervous  system. 

Amongst  these  cyelopia  or  si/nophthalmia  is  the  first  to  be  mentioned.  Both 
eyes  are  fused  into  one  organ  which  usually  occupies  the  middle  of  the  forehead 
(Fig.  153).  The  single  eye  corresponds  to  a  single  orbit  (Fig.  154)  and  single 
optic  nerve.  Above  the  eye  a  snout- shaped  rudimentary  nose  is  visible  in 
many  cases,  but  is  absent  in  this  case.  On  the  face  bones,  also,  no  trace  of 
it  can  be  seen.  The  upper  jaw  is  present,  l)ut  the  lower  jaw  is  absent,  and 
the  ears  are  situated  low  down  in  the  cervical  region. 

The  brain  of  this  preparation  is  unfortunatelj^  not  available.  In  Fig.  154 
it  can  be  seen,  however,  that  oidy  one  optic  foramen  is  present.     The  brain. 


Fig.  153. — Cyclopia,  agnatliia,  and  synotia. 
Half  natural  size. 


Fig.  154. — Skull  of  the  malformation  dra^n  in 
Fig.  153.    Cyclopia.    Four-flfths  natural  size. 


in  such  cases,  is  usually  considerably  deformed.  The  division  of  the  fore-brain 
into  two  hemispheres  is  often  absent,  and  the  cerebrum  appears  as  a  single  cyst 
Avail  (ci/clencephahis),  surrounding  a  more  or  less  markedly  dilated  ventricle.  In 
slight  degrees  of  this  disturbance  two  eyes  are  formed,  very  closely  ajiproached 
to  each  other,  and  lying  in  a  common  orbit  {synophthalmia)  or  even  partially  fused. 
In  the  preparation  represented  in  Figs.  153  and  154  the  nose  is  completely 
absent.  If  the  olfactory  bulbs  are  also  absent,  this  may  be  termed  arhin- 
encejjhalus,  as  suggested  by  Kundrat.  Kundrat's  investigations  have,  however, 
also  shown  that  arhinencephalus  is  a  special  malformation,  which  may  occur 
without  such  extensive  malformation  of  the  eyes.  According  to  him,  the 
absence  of  the  olfactory  lobe  is  associated  with  rudimentary  development  of 
the  nose,  defects  in  the  intermaxillary  bone  and  the  nasal  septum,  median  and 
lateral  fissures  of  the  upper  lip,  fissure  of  the  palate,  absence  of  the  olfactory 
nerves,  and  abnormal  development  of  the  cerebrum.  The  latter,  as  in  cyclopia, 
forms  a  single  vesicle,  sometimes  associated  A^th  very  imperfect  formation 
of  its  individual  basal  portions.  In  many  cases  the  eyes  are  considerably 
approximated,  although  contained  in  separate  orbital  cavities.     Malformations 
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of  other  organs  are  frequently  found  at  the  same  time  :  anomalous  development 
of  tlie  heart  and  great  vessels,  synotia,  auricular  appendages,  umbilical  hernia?, 
defects  of  the  diaphragm,  and  supernumerary  fingers  and  toes.     It  is  not  without 


Fig.  155. — Micrencephalic  brain  (after  Bi.schoft). 

interest  in  this  connection  that  all  these  associated  malformations  may  occur 
in  the  same  way  in  cyclopia.  Cyclencephalus  and  arhinencephalus  arise  from 
malformations  of  the  anterior  part  of  the  embryonic  brain.  In  such  cases,  the 
disturl)ance  evidently  frequently  extends  to  the  anterior  motor  areas  of  the 
cereV>rum,  and  thus  produces  the  above 
developmental  disturbances  in  the  trunk  and 
extremities.  An  excellent  example  of  this 
variety  of  hydrocephalus,  arhinencephalus,  and 
micromelus  is  given  in  Fig.  158. 

The  last  important  variety  of  malforma- 
tions of  the  brain  is  micrencephalus,  sometimes 
associated  with  arhinencephalus.  In  the 
pure  form  of  this  malformation  the  brain  is 
under-developed  in  all  its  parts  and  is  dis- 
tinguished by  the  remarkable  paucity  of  its 
convolutions.  An  arrest  of  development  is 
observed  at  the  same  time,  since  the  brain 
has  remained  stationary  at  an  early  stage  in 
its  formation  (Fig.  155).  The  skull  is 
correspondingly  small  and  shows  abnormal 
ossification,  premature  synostosis  of  the  skull 
bones,  or  the  development  of  numerous 
Wormian  bones,  as  may  be  recognised  in  a 
small  skull  (Fig.  156)  in  the  Dorpat  collection,  evidently  that  of  a  newly-born 
child.  In  hydromicrencephalus  all  or  individual  cerebral  ventricles  are  dilated  by 
accumulation  of  fluid,  in  addition  to  these  malformations.  The  skull  is  generally 
small,  but  separate  portions  of  it  may,  however,  be  bulged  out  by  the 
collection  of  fluid. 


Pig.  156. — Skull-cap  in  micrencephalus. 
Seven-ninths  natural  .size. 
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4.  Malformations  of  the  Extremities 

Duplication    of    entire   extremities    has,  as   yet,  only  been   observed    with 
certainty  as  parasitic  double  malformations  derived  from  the  development  of 

two  germs.  JMultiplication  in  the  hand  and  foot, 
however,  occur  as  simple  malformations,  and  of 
these  multiplication  of  the  fingers  is  the  most 
common  {polydadyly).  As  a  rule,  it  is  the  first 
or  the  fifth  finger  or  toe  which  is  duplicated. 
The  supernumerary  member  is  either  composed 
of  soft  parts  only,  when  it  is  rudimentarily 
developed,  or  it  has  a  more  or  less  complete 
phalangeal  skeleton  which  articulates  ■snth  the 
metacarpal  or  metatarsal  bone  of  the  neighbour- 
ing member.  Lastly,  the  supernumerary  series 
of  phalanges  may  be  completed  b}^  correspond- 
ing supernumerary  metacarpal  and  carpal,  or 
metatarsal  and  tarsal  bones.  The  duplicated 
fingers  are  not  infrequently  united  b}'  tight  webs 
of  skin.  This  malformation  often  affects  all  four 
extremities  at  once  to  a  greater  or  less  degree. 
It  is  distinctly  hereditary  in  many  families.  It 
not  infrecpiently  accompanies  malformations  of 
the  brain  and  spinal  cord. 

Incomplete  formation  and  defects  of  the  extremities 
are  partly  due  to  defect  in  the  germinal  area,  partly  to  disease  of  the  bones  of 
the  fcetus,  and  partly  to  external  mechanical  influences  which  affect  the  embryo. 
Traumatism  and  abnormal  narrowness  of  the  uterus  are  as  important  in  this 
connection  as  constriction  of  the  extremities  by  amniotic  bands  and  processes. 
The  latter  entail  imperfect  growth  of  the  extremities  by  interfering  with  the 
circulation  of  the  blood  in  the  constricted  limb  ;  or,  by  complete  constriction, 
thej'  lead  to  spontaneotis  amputation,  and  thtis  often  to  extreme  mutilation. 


Fig.  157. — Polydactyly.  Duijlicatiou 
of  the  fifth  finger  in  a  new-born 
child,  affected  also  with  median 
tissure  of  the  lip,  defect  of  the 
nasal  septum,  hydrocephalus,  and 
arhinencephaliis.    Natural  size. 
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The  amputated  extremities  or  parts  of  extremities,  if  still  small,  may  be  re- 
absorbed and  completely  disappear. 

Sometimes  entire  extremities,  up  to  the  shoulder  or  pelvis,  may  be  absent 
or  are  only  represented  by  short  rudimentary'  stumps  (amelus).  If  only  the 
upper  or  the  lower  extremities  are  absent,  the  conditions  are  termed  abrachius  and 
(qjiis.  In  other  cases  only  one  upper  or  one  lower  extremity  is  absent  (mono- 
brachius,  monupiis).  The  mutilations  of  the  extremities  are  termed  peromclus, 
perobrachhis,  perojms,  and  perodadi/lus.  In  some  cases  the  mutilation  of  the 
extremities  appears  in  such  a  manner  that  the  long  bones  and  their  soft  parts 
seem  extremely  short,   while  the   hands  and  feet  are   fully  developed.     The 


Fig.  158.— Microiiielus,  combined  with  hydrocephalus,  smalluess  of  the  olfactory  biilbs,  and  bilateral  Assure  of 
the  lip.    The  eyes  are  approached  to  each  other.     One-fifth  natural  sii;e. 


latter  are  thus  situated  in  the  immediate  neisihbourhood  of  the  shoulder  or 
pelvis  and  give  the  fretus  an  appearance  like  that  of  the  seal  (phocomelus). 
In  other  cases,  disturbances  of  the  growth  of  the  foetal  bones  lead  to  abnormal 
shortness  of  the  extremities,  not  infrequently  associated  with  curvature  of  the 
bones.  The  panniculus  adiposus  may  be  greatly  developed  in  such  cases,  and 
hydrocephalus  is  often  present  at  the  same  time  (Fig.  158). 

Lastly,  siren  formation  (symelia)  is  a  remarkable,  although  a  rare  variety. 
This  appears  as  a  cohesion  of  tlie  lower  extremities  of  the  fcetus  throughout 
their  entire  length  (si/mpus,  Fig.  159).  The  cohesion  involves  the  soft  parts 
in  the  first  place.  If  the  skeleton  of  the  fused  extremities  be  ex;imined,  the 
deformity  will  be  found  to  extend  to  the  pelvis.  The  bones  of  the  thigh  and  leg 
are  either  separate  or  fused  together,  as  in  Fig.  160.     At  the  same  time,  they 
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are  rotated  upon  their  long  axis  in  such  a  waj-  that  the  anterior  surface  comes 
to  lie  posteriorly,  as  is  the  rule  in  early  periods  of  embryonic  existence. 
Therefore,  if  the  tibia  and  fibula  are  developed  separately  on  the  two  sides, 
the  two  fibulre  lie  internal  to  the  two  tibia^.     The  feet  are  either  absent  (sympiis 


Fig.  150.— Sympus  dipus.    One-third  uatural  size. 


Fig.  IGO. — Skeleton  of  the  lower  extremity 
of  a  sympus  apus,  seen  from  the  front. 
Spina  bifida,  with  great  shortening  of 
the  vertebi^al  column,  was  present  at 
the  same  time.    Natural  size. 


apus),  or  only  one  foot  or  portion  of  a  foot  is  developed  {sympus  monopvs). 
Lastly,  two  feet  may  be  developed  {sytnpus  dipus).  In  accordance  witli  the 
fcetal  position,  the  feet  are  directed  backwards.  Verj'  frequently,  when  the 
fusion  of  the  inferior  extremities  is  A-ery  close,  the  external  orifices  of  the 
genito- urinary    systems    and    of    the    anus   are    absent.     The    umbilical    cord 
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contains  only  two  vessels,  as  a  rule, — an  artery  and  a  vein — while  the  other 
umbilical  artery  does  not  become  developed.  Rachischisis  or  myelomeningocele 
and  fusion  of  some  of  the  fingers  are  sometimes  present,  as  in  the  case  re- 
presented in  Fig.  160.  In  a  case  recorded  by  Levy,  siren -formation  was 
observed,  combined  with  congenital  absence  of  the  right  radius,  the  scaphoid, 
and  the  os  magnum.  Tiiese  cases,  together  with  the  facts  which  are  still  to 
be  brought  forward,  show  that  the  different  external  malformations  of  the 
extremities,  due  to  defects  in  the  germinal  area,  are  frequently  combined  and 
form  a  separate  group  of  disturbances  which  stand  in  close  relation  to  malfor- 
mations of  the  central  nervous  system. 

Fusion  of  some  of  the  fingers  and  toes  {syndadijhj),  when  present,  is 
very  frequently  present  on  several  or  all  of  the  extremities  of  the  same 
individual.  It  resembles  the  Polydactyly  Avhich  is  hereditary  in  many  families. 
In  many  cases  the  fusion  involves  the  soft  parts  only  (Fig.  161).  In  other 
cases,  the  phalanges  are  more  or  less  completely  united  or  separate  members 
of  the  skeleton  of  the  hand  are  absent.  Congenital  luxations,  which  are  of 
great  practical  importance,  occupy  a  -special  position.  These  will  be  more 
exhaustively  discussed  in  the  special  part  of  this 
book.  In  congenital  dislocation  of  the  hip -joint, 
which  frequently  occurs  bilaterally  and  especially 
in  girls,  the  head  of  the  femur  is  found  outside 
the  acetabulum,  displaced  among  the  neighbouring 
soft  parts,  generally  in  a  dorsal  direction.  The 
acetabulum  is  accordingly  narrowed  ;  the  triradiate 
epiphyseal  cartilage  which  passes  through  it  is  pre- 
maturely ossified  (Dollinger,  Grawitz).  The  head  of 
the  bone  is  misshapen,  the  ligaments  and  capsule 
prove  to  be  considerably  elongated.  Similar  changes 
are  observed  in  the  congenital  luxations  of  the 
shoulder  and  elbow  which  occur  someAvhat  less 
frequently. 

Among  the  congenital  club-formations,  club-foot 
{talipes)  has  been  most  fully  investigated.  Its  most 
common    form    (talipes    equinovanis)    ap])ears    as    an 

arrest  of  development  which  is  sometimes  combined  with  syndactyly,  less 
commonly  with  Polydactyly.  The  external  border  of  the  foot  is  directed  down- 
wards, the  internal  is  directed  upwards,  while  the  point  of  the  foot  is  turned 
downwards  and  inwards.  The  tarsal  bones  are  deformed,  sometimes  individual 
tarsal  bones  or  the  tibia  are  absent.  The  affection  of  the  foot  is,  in  many 
cases,  accompanied  by  analogous  defects  of  development  in  the  upper  extremity. 
Amongst  those,  club-hand  (talipomanus),  combined  with  the  absence  of  the 
radius,  must  be  especially  mentioned.  This  occurs  independently  also,  without 
coincident  deformity  of  other  extremities.  This  club-formation,  due  to  defect 
in  the  germinal  area,  has  often  been  classed  with  similar  deformities,  due  to 
the  pressure  of  the  wall  of  a  too  narrow  uterus.  Bessel-Hagen  has  the  credit 
of  classifvina;  the  different  varieties  accordina:  to  their  etiolocry. 

It  must  be  mentioned  further  that  the  typical  club -formations  of  the 
extremities,  due  to  defect  in  the  germinal  area,  are  relatively  frequently 
accompanied  by  malformations  of  the  central  nervous  system.  These  relations 
between  the  malformations  in  the  central  nervous  system,  those  of  the  anterior 
line  of  closure  of  the  body,  and  those  of  the  extremities  and  the  internal  organs 
of  the  body,  cannot  be  disregarded,  as  may  be  gathered  from  this  account  of 


Fio.  101. — Syndactyly  from  fusiDii 
of  tlie  soft  parts.  Natural 
size. 
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the  single  malformations.  They  certainly  require  to  be  carefully  wox'ked  up. 
Two  chief  types  will  have  to  be  differentiated  :  first,  the  results  of  disturbances 
of  the  central  nervous  system,  the  defects  of  the  formation  of  the  face  (arhinen- 
cephalus),  described  by  Kundrat,  and  the  club -formations,  fissure  of  the 
abdomen,  and  umbilical  liernios  which  accompany  rachischisis  and  meningocele  ; 
secondly,  the  effect  produced  by  mutilations  of  the  parts,  especially  in  intra- 
uterine spontaneous  amputations,  on  the  development  of  the  perij^heral  and 
central  nervous  systems  (Edinger).  If  so  worked  up,  the  subject  of  malforma- 
tions   would    yield    a    valuable    contribution    to    the    subject    of   the    mutual 


Fio.  \&-l.—a,  Spina  bitida  (myelomeuingocele  lumbosacralis) ;  h,  hernia  umbilicalis ;  •■,  fissure  of  abdomen  and 
bladder,  showing  the  orifices  of  the  intestine  and  urethra.  Talipes  dexter  varus.  Talipes  sinister  valgus. 
Half  natural  size  (after  E.  A.  Koch). 

relations   of    the   organs,   and  especially  to  the   subject   of  the  function   and 
importance  of  the  nervous  system. 
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SECTION   II 
ELEMENTAEY  FOEMS  OF  DISEASE 

CHAPTEE    VII 

GENERAL    CONSIDERATIONS 

In  the  first  section  on  general  etiology,  the  most  important  causes  of  disease 
in  man  have  been  considered,  and,  at  the  same  time,  their  modes  of  action 
have  been  briefly  indicated.  In  the  case  of  external  causes,  especially  in 
wounds,  intoxications,  and  infections,  these  modes  of  action  may  be  divided 
into  local  and  general.  A  similar  division  might  be  made  with  reference  to 
the  eftects  of  the  internal  causes,  and  seems  specially  suggested  by  inherited 
diseases  and  malformations.  The  distinction,  however,  was  merely  suggested, 
not  carried  out,  because,  at  the  time,  it  seemed  to  be  less  important,  since 
neither  in  inherited  diseases  nor  in  malformations  had  we  any  accurate 
knowledge  of  the  mechanical  and  chemical  processes  involved.  Consequently 
we  had,  under  these  circumstances,  to  choose  a  mode  of  description  which 
would  allow  etiologically  related  phenomena  to  be  discussed  together  from 
a  general  standpoint,  without  more  use  of  hypothesis  than  is  absolutely 
necessary. 

In  a  more  detailed  examination  of  the  morbid  j^rocesses  in  the  human 
body  we  might  accordingly  adhere  to  the  distinction  between  local  and  general 
diseases,  but  this  method  would  be  of  no  great  advantage,  since,  although 
general  diseases  affect  either  all  or  many  parts  of  the  body,  the  changes  they 
produce  in  individual  parts  are  essentially  similar  to  those  produced  by  local 
diseases.  If  local  and  general  diseases  are  considered  together,  therefore, 
it  will  be  possible  to  make  their  description  more  concise  and  more  com- 
prehensive, and,  at  the  same  time,  to  examine  their  effect  on  each  other  in 
each  individual  case. 

Every  local  and  every  general  disease  is  made  up  of  a  varying  number  of 
separate  pathological  processes  which  may  be  termed  the  elementary  forms  of 
morbid  disturbance.  We  shall  first  examine  these  elementary  forms  in  detail 
and  then  proceed  to  study  the  manner  in  which  they  are  combined  to  form  the 
diseases  of  an  organ  or  of  an  individual. 

The  human  body  consists  of  a  large  numl^er  of  various  kinds  of  tissue,  each 
single  kind  of  tissue  being  formed  of  cells  and  of  a  more  or  less  firm  or  fluid 
intercellular  substance.  Within  these  tissues  many  metabolic  processes  take 
place,  to  which  the  term  tissue  nutrition,  in  its  most  general  sense,  may  be 
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applied.  This  must  be  regarded  as  occurring  in  the  following  way : — Certain 
substances  pass  from  the  blood  into  the  tissues  and  there  undergo  a  chemical 
change  in  which  heat  and  mechanical  energy  may  be  set  free  or  stored  up. 
Such  products  of  metabolism  as  cannot  be  used  up,  either  as  heat  or  as 
mechanical  work,  are  removed  by  the  blood  and  lymph  vessels,  or  more 
especially  by  the  excretory  ducts  of  glands,  by  the  intestine,  the  lungs,  and 
the  skin. 

There  exists,  therefore,  a  correlation  between  the  blood  and  the  nutrition  of 
the  tissues,  and  this  correlation  is  further  influenced  by  the  action  of  the 
nerves.  Either  the  nerves  regulate  the  blood -stream  and  stimulate  or  inhibit 
the  activity  of  the  tissues,  or  the  process  of  tissue  nutrition  reacts  on  the 
excitability  of  the  nerves. 

In  correspondence  with  these  physiological  facts,  morbid  processes  may  be 
divided  into  three  groups  of  elementary  disturbances  :  disturbances  of  the  cir- 
culation of  the  Uood,  disturbances  of  tissue  nutrition,  and  disturbances  of  innervation. 

The  mutual  relations  between  the  disturbances  in  the  circulation,  those  of 
tissue  nutrition,  and  those  of  innervation  are  so  close,  that,  in  all  cases  of 
disease,  they  occur  simultaneously,  although,  of  course,  in  different  cases  one 
or  other  factor  becomes  more  prominent. 

If  these  correlations  are  regarded  from  the  standpoint  of  our  present 
knowledge,  it  follows  at  once  that  the  disturbances  of  innervation  will  be 
sufficiently  considered  along  Avith  the  disturbances  of  the  circulation  and 
nutrition.     Therefore,  only  these  last  two  subjects  will  be  specially  considered. 


CHAPTEE    A^III 

DISTURBANCES    OF    THE    CIRCULATION    OF    THE    BLOOD 

Preliminary  Observations 

The  energy  of  the  heart  propels  the  blood  along  a  closed  system  of  elastic 
tnbes,  the  blood-vessels.  One  part  of  this  system,  the  arteries,  is  contractile, 
another  part,  the  capillaries,  has  extremely  permeable  walls. 

The  problem  of  the  circulation  of  the  blood  is  therefore  one  of  considerable 
complexity,  although  it  is  generally  stated  in  a  very  simplified  manner.  It 
is  usual  to  start  with  the  assumption,  which  is  true  for  tubes  with  rigid  walls, 
that  it  is  a  matter  of  indifference  for  the  amount  of  work  that  the  heart  has  to 
do,  whether  a  given  circulation  lie  in  a  horizontal  or  in  a  vertical  plane,  and 
to  leave  the  action  of  gravity  quite  out  of  account.  The  heart  and  all  the 
vessels  are  supposed  to  lie  in  one  and  the  same  horizontal  plane — an  assumption 
which  certainly  allows  the  action  of  gravity  to  be  neglected. 

In  order,  however,  to  obtain  a  correct  appreciation  of  the  disturbances  of 
circulation,  we  must  examine  the  actual  conditions  somewhat  more  closely. 

If  Ave  suppose  the  heart  and  the  vessels  to  be  filled  with  blood,  and  the 
body  to  be  in  the  upright  position,  and  if  we  further  suppose  the  heart  to  be 
standing  still,  so  that  all  the  differences  of  pressure  due  to  its  action  are  re- 
moved, the  remaining  pressure  is  found  to  vary  greatly  in  the  different  vascular 
areas.  This  pressure  is  the  result  of  gravity.  It  is  the  so-called  hydrostatic 
pressure,  which  it  is  more  convenient  for  our  present  purpose  to  term  lurmodatk 
pressure. 

This  haemostatic  pressure  is  easily  estimated,  since  it  is  equal  in  all  sections 
of  vessels  Avhich  lie  in  one  and  the  same  horizontal  plane  ;  for  sections  of 
vessels  at  different  levels,  on  the  other  hand,  it  varies  according  to  simple  laws. 
If  one  starts  from  a  horizontal  plane,  made  through  the  venous  ostium  of  the 
heart  (Fig.  163,  plane  B),  and  supposes  that  the  blood -pressure  in  all  the 
sections  of  the  vascular  system  in  this  horizontal  plane  =  p.  the  pressure  of 
the  column  of  blood  in  the  vessels  of  the  sole  of  the  foot  will  be  greater  than  p 
by  the  amount  of  the  pressure  exerted  by  a  column  of  blood  of  the  height  BD. 
Let  this  height  BD  be  130  cm.,  and  suppose  that  mercury  is  specificall}^  thirteen 
times  heavier  than  blood,^  then  the  pressure  of  the  blood  in  the  vessels  of  the 

130 
sole  of  the  foot,  in  the  horizontal  plane  D,  will  equal  p  +        cm.  Hg,  =p  +  10 

cm.  Hg.     The  pressure  within  the  stationary  blood -column  in  consequence  of 

^  Tlie  si^ecific  gravity   of  blood  is  approximately   1*0.50,    the  specific    weight  of  mercury  is 
l-3'598.     Therefore  mercury  is  12"94:  times  heavier  than  blood. 
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gravity — that  is,  of  the  Aveight  of  the  column  of  blood  between  the  planes  B  and 
D — is  increased  by  10  cm.  Hg.  This  increase  of  10  cm.  Hg  is  the  measure  of 
the  haemostatic  pressure  in  the  plane  D  when  compared  with  the  plane  B. 

In  the  same  way  we  can  calculate  the  haemostatic  pressure  of  the  blood  in  a 
horizontal  plane  A,  supposed  to  be  drawn  through  the  top  of  the  head  of  the 
upright  body.     If  the  vertical  distance  is  52  cm.,  the  blood -pressure  in  the 


52 


plane  A  =7;  -  -^  cm.  Hg,  =7^  -  4  cm. 
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Hg. 


Hseraostatic 
Pressure. 


p  -  4  cm.  Hg. 


cm.  Hg. 


?j  +  5  cm.  Hg. 


23  +  10  cm.  Hg. 


Fig.  103. 


These  results  may  be  generally  stated  as  follows  : — 

The  action  of  gravity  p'oduces  in  the  various  parts  of  the  vascular  system  differences 
of  pressure,  the  amount  of  ivhich  depends  upon  the  difference  of  level. 

These  differences  of  pressure  produced  hy  gravity  indicate  the  hcemostatic  pressure. 

The  hcemostatic  pressure  is  the  same  in  all  parts  of  the  vascidar  system  which  lie 
at  the  same  level. 

The  difference  of  the  hcemostatic  pressure  in  two  different  horizontcd  planes  draion 
through  the  vascular  system,  is  equivcdent  to  the  pressure  of  a  colmnn  of  blood,  the 
height  of  which  is  eqtial  to  the  verticcd  distance  between  the  two  horizontal  planes. 

This  difference  in  pressure,  prroduced  by  the  height  of  a  column  of  blood,  miy  be 
calculated  in  terms  of  mercury  if  the  height  of  the  column  of  blood  be  divided  by  the 
number  which  indicates  the  relation  of  the  sptecific  weight  of  mercury  to  that  of  blood, 
this  being  ajyprcmmately  thirteen. 

This  general  result  holds  good  for  every  position  of  the  body,  but  the  up- 
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right  position  for  which  the  value  of  the  differences  of  pressure  has  just  been 
calculated  will  be  considered  first. 

The  haemostatic  differences  of  pressure  also  hold  good,  even  when  the  action 
of  the  heart  produces  differences  of  pressure  between  its  arterial  and  venous 
orifices.  1}  we  term  tlie  increase  of  pressure  produced  by  the  action  of  the  heart  in  the 
various  parts  of  the  vascular  system  the  hcemodynarnic  jyessure,  then  it  follows  that,  in 
each  part  of  the  vascular  system,  the  actual  pressure  is  equivalent  to  the  sum  of  the 
hcemostatic  and  hemodynamic  pressures. 

If  we  suppose  the  action  of  the  heart  to  be  such  that  it  produces  in  the 
systemic  circulation  a  pressure  of  1 6  cm.  Hg  at  the  arterial  orifice,  there  must 
be  a  rise  of  pressure,  beginning  from  the  arterial  orifice  of  the  left  ventricle  and 
extending  with  a  gradual  fall  through  arteries,  capillaries,  and  veins  to  tlie 
venous  orifice  of  the  right  side  of  the  heart,  where  it  is  ultimately  reduced  to 
zero.  This  increase  of  pressure  sets  the  blood  in  motion.  It  is  a  measure  of 
the  height  of  the  htemodynamic  pressure  at  each  point  in  the  circulation. 
It  would  occur  independently  of  the  haemostatic  pressiu^e  if  the  whole  vascular 
system  were  spread  out  in  one  horizontal  plaae.  Since  this  cannot  be  done, 
we  must  estimate  the  haemodynamic  pressure  by  subtracting  the  hemostatic 
pressure  corresponding  to  the  position  of  the  body  from  the  total  pressure 
actually  observed  at  the  given  part  of  the  vascular  system. 

When  this  is  done,  it  becomes  evident  that  the  fall  of  hremodynamic 
pressure  is  not  equal  throughout.  If  the  hfemodynamic  pressure  at  the  orifice 
of  the  aorta  is  equal  to  16  cm.  Hg,  it  will  amount  to  10  cm.  in  the  peripheral 
branches  of  the  arteries  ;  in  the  veins  it  will  be  very  small,  perhaps  equivalent 
to  2  cm.  Hg,  and  at  the  venous  orifice  of  the  right  heart  approximately  equal 
to  zero. 

These  figures  can  make  no  claim  to  universal  apj^licability,  because  the 
force  of  the  blood-current  varies  greatly.  Still  they  may  serve  for  a  general 
explanation.  If  we  attempt  to  calculate  the  values  of  the  pressure  upon  the 
walls  of  the  vessels  from  the  given  amounts  of  the  haemostatic  and  htemo- 
dynamic  pressure  in  the  upright  position  of  the  body,  the  scheme  in  Fig.  164 
will  serve  as  a  guide. 

In  this  scheme  the  haemostatic  pressure  in  the  plane  B  which  passes  through 
the  venous  orifices  of  the  heart — that  is,  the  pressure  jj — is  considered  as  zero  in 
order  to  correspond  to  the  conditions  which  actually  exist,  and  to  the  statements 
made  above  as  to  the  action  of  the  heart. 

This  method  furnishes  values  for  the  lateral  pressure  of  the  blood  in  the 
vessels  Avhich,  notwithstanding  their  importance,  have  received  almost  no  re- 
cognition. In  the  upright  position  of  the  body  the  lateral  jiressure  of  the 
circulating  blood  is  very  high  in  the  vessels  of  the  lower  extremity,  and 
relatively  low  at  the  level  of  the  top  of  the  head  and  the  cerebrum.  This  fact 
is  of  the  utmost  importance  in  dealing  with  vascular  disturbances,  for  although, 
so  far  as  the  working  power  of  the  heart  is  concerned,  the  hsemodynamic 
pressure  alone  comes  into  consideration,  the  whole  peripheral  circulation  depends 
on  the  fact  that  the  walls  of  the  vessels  have  to  meet  the  demands  of  the 
actually  existing  lateral  pressure  which  corresponds  to  the  sum  of  the  haemo- 
static and  haemodynamic  pressures. 

In  this  connection  it  may  be  noted  that  the  walls  of  the  arteries  and  veins 
of  the  lower  extremity  are  much  thicker,  and,  in  particular,  are  richer  in 
muscular  and  elastic  fibres  than  the  Avails  of  the  vessels  of  the  neck  and  of  the 
head.  The  walls  of  the  jugular  veins  have  very  few  muscular  and  elastic 
fibres,  while  the  walls  of  the  veins  of  the  lower  extremities  are  almost  as  rich 
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in  these  elements  as  are  many  arteries.  Similar  differences  are  found  in  the 
arteries  of  the  upper  and  lower  parts  of  the  body,  but  are  certainly  less  strik- 
ing, since  the  hjemodynaraic  pressure  in  the  arteries  is  so  much  higher  than 
that  in  the  veins.  More  exact  details  on  this  subject  are  to  be  found  in  in- 
vestigations undertaken  at  my  suggestion  by  my  pupils,  Epstein,  Sack,  Mehnert, 
and  Bregmann. 

Pressure  Values  in  the  Systemic  Circulation 
(ill  centimetres  of  mercuiy) 
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Fig.  164. — Scheme  of  the  blood-pressure  relations  in  the  systemic  circulation  in  the  upright  position 

of  the  body. 

A  glance  at  the  scheme  in  Fig.  1G4  shows  further  that  in  the  capillaries  of 
the  lower  limbs,  when  the  body  is  erect,  there  must  be  a  very  high  pressure 
which  amounts  to  between  12  and  20  cm.  Hg.  The  delicate  capillary  wall  is 
able  to  support  such  a  high  pressure  only  because  the  lumen  of  the  capillaries 
is  narrow,  and,  therefore,  the  tension  of  the  capillary  wall  is  also  small  even 
with  a  high  pressure.  The  tension  of  the  wall  in  any  given  blood-vessel  of  a 
circular  transverse  section  is,  when  measured  in  a  circular  direction, 

Circular  tension  =  R/j, 

i.e.  equal  to  the  length  of  the  radius  E.  multiplied  by  the  lateral  pressure  of  the 
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blood  f,  and  we  find  in  the  same  vessel  the  tension  of  the  ■wall  in  a  direction 
parallel  to  the  long  axis — 

Longitudinal  tension  =  -^i 

i.e.  equal  to  one  half  of  the  product  of  the  radius  and  the  blood -pressure.  If 
then  the  radius  is  small,  the  tension  of  the  wall  in  a  circular  as  well  as  in  a 
longitudinal  direction  is  unimportant,  so  that  even  the  delicate  walls  of  the 
capillaries  themselves  are  able  to  support  it. 

The  question  now  arises,  in  Avhat  way  does  the  blood-pressure  alter  in  the 
various  vascular  areas  when  the  body  leaves  its  upright  position  and  assumes 
a  horizontal  one  %  As  already  mentioned,  the  general  laws  of  haemostatic 
pressure  hold  good  here  also. 

The  haemostatic  pressure,  however,  shows  now  no  great  difference  in  the 
various  vascular  areas.  All  the  vessels  are  placed,  when  the  body  lies  flat  on  a 
horizontal  surface,  in  horizontal  planes  which  do  not  show  any  very  great  differ- 
ences of  level  (Fig.  165).  The  hremostatic  differences  of  pressure  appear  even 
here,  however,  both  in  the  pulmonary  and  systemic  circulations  in  many  severe 
disturbances  of  the  circulation  ;  but  when  compared  with  the  height  of  the 
normal  pressure  in  the  aortic  system,  they  are  unimportant,  so  that  they  may 
be,  as  a  rule,  disregarded  in  the  normal  circulation  without  serious  error.  In 
other  words,  for  the  horizontal  position  of  the  body,  the  pressure  in  all  the 


Fio.  165. — Scheme  of  the  vascular  system  in  the  horizontal  position  of  the  body. 

vessels  is  approximately  ecj[uivalent  to  the  hfBmod3mamic  pressure.  In  this 
case  the  pressure  in  the  vessels  of  the  lower  extremity  is  considerably  less,  and 
that  of  the  vessels  of  the  head  somewhat  greater,  than  when  the  body  is  in 
the  upright  position. 

In  spite  of  this,  when  the  vascular  system  is  perfectly  healthy  no  con- 
siderable disturbance  of  circulation  follows  when  the  upright  and  horizontal 
positions  of  the  body  are  rapidly  alternated. 

This  circumstance  can  only  be  explained  if  the  lumen  of  the  arteries  and  veins 
remains  fairly  constant  in  spite  of  the  considerable  alterations  of  the  pressure 
exerted  on  the  vessel  Avails.  If  the  blood-vessels  consisted  of  dead  elastic 
material,  the  arteries  and  veins  of  the  lower  extremities  would  become  narrowed 
on  the  assumption  of  the  horizontal  position,  since  the  lateral  pressure  in  them 
is  then  diminished.  In  the  same  way  the  arteries  and  veins  of  the  head  would 
of  necessity  dilate,  because  in  them  the  blood-pressure  increases.  It  is  in  this 
connection  that  the  efiect  of  the  tonic  innervation  of  the  muscular  walls  of  the 
arteries  is  seen.  The  tone  of  the  muscles  of  the  vessels  alters  with  the  change 
of  position,  so  that  the  calibre  of  the  vessels  remains  almost  the  same  as  before. 
It  is  only  very  exceptionally  that  healthy  young  individuals  feel  slight 
disturbances  on  lying  down  or  rising  rapidly,  and  these  disturbances  soon  pass 
by.  More  marked  symptoms  arise  in  healthy  individuals  only  when  the  feet 
are  raised  and  the  head  lowered.^ 

^  Even  these  disturbances  are  absent  in  falling  througli  the  air  or  in  short  staj-  under  water. 
The  action  of  the  haemostatic  pressure  on  the  vessel  walls  disapjiears  when  the  body,  as  a  whole,  is 
falling.  While  the  body  is  under  water,  it  is  approximately  compensated  for  by  the  pressure  of 
the  surrounding  water. 
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Persons  with  unhealthy  vessels,  on  the  other  hand,  are  taught  by  experience 
to  avoid  a  very  low  position  of  the  head. 

In  the  case  of  the  veins  this  regulation  of  the  vascular  tonus  is  not  quite 
complete,  as  every  one  observes  when  he  compares  the  veins  of  the  back  of  his 
hand  when  the  arm  is  dependent  and  when  it  is  elevated.  In  one  respect  it 
is  much  more  perfect  in  the  arteries.  Physiological  experiments  have  shown 
that  the  amount  of  blood  in  the  different  organs  varies  considerably — the  change 
depending  on  the  function  of  the  organ.  An  organ  during  full  activity 
generally  contains  considerably  more  blood  than  when  resting.  The  mechanism 
of  the  regulation  depends  here  on  the  tonic  innervation  of  the  vessel  wall. 

A  detailed  consideration  of  this  regulating  mechanism  must  be  left  to 
physiology.  It  seemed  here  only  desirable  to  give,  in  brief  outline,  a  general 
picture  of  the  normal  relations  of  the  circulation,  so  that  the  mechanism  of  its 
disturbances  may  be  deduced  therefrom. 

The  disturbances  of  the  circulation  of  the  blood  may  be  divided  into  general 
and  local. 

Among  the  general  circulatory  disturbances  are  understood  such  as  affect 
all  or  the  majority  of  the  vascular  areas.  On  the  other  hand,  the  pure  forms 
of  local  circulatory  disturbances  are  produced  by  various  injuries  whose  actions 
are  at  first  limited  to  individual  vascular  areas.  The  two  forms  never  occur 
absolutely  independently  of  each  other. 

Local  disturbances  in  all  cases  react  on  the  general  circulation,  although 
this  reaction  is  frequently  so  slight  that  it  cannot  be  accurately  measured.  On 
the  other  hand,  general  circulatory  disturbances,  as  can  be  understood,  produce 
changes  in  individual  vascular  areas  which  may  be  considered  from  the  stand- 
point of  the  local  disturbance.  Local  and  general  circulatory  disturbances  form 
in  this  Avay  a  series  of  associated  phenomena  influencing  each  other  mutually, 
and  which  can  only  be  separated  by  a  more  exact  analysis. 


A.  General  Circulatory  Disturbances 

The  general  didurhances  of  the  circulation  proceed  either  from  disturhance  of  the 
function  of  the  heart,  ar  from  general  diseases  of  the  wcdls  of  the  vessels,  o^r  from  changes 
in  the  quantity  and  composition  of  the  blood,  the  lymph,  and  the  circulating  tissue  juices 
generally.  The  mutual  relations  between  the  heart,  the  vessels,  and  the 
circulating  fluid  are,  however,  so  intimate  that,  as  a  rule,  the  further  course  of 
the  disturbance  usually  involves  all  these  component  parts  of  the  circulatory 
apparatus. 

I.   General  Circulatory  Disturbances  due  to  Disease  of  the  Heart 

The  alterations  in  the  function  of  the  heart  which  give  rise  to  general 
circulatory  disturbances  are  the  result  of  numerous  diseases  of  the  endocardium, 
myocardium,  and  pericardium,  which  are  due  to  internal  or  external  causes. 
Associated  with  these,  there  are  diseases  of  the  blood-vessels  and  the  nerves  of 
the  heart,  and  changes  in  position  of  the  entire  organ.  All  these  affections,  which 
will  be  carefully  considered  in  the  special  part  of  this  text-book,  impair  the 
working  power  of  the  heart. 

The  heart-muscle  is  an  apparatus  which  transforms  the  chemical  energy 
brought  to  it  by  the  blood  into  heat  and  mechanical  work.  The  latter  is  mani- 
fested in  the  continuous  flow  of  the  blood,  and  is  used  up  by  the  frictional 
resistance   which  the   blood   exj^eriences  in   the   vessels.     This  friction  finally 
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transforms  the  mechanical  work  of  the  lieart  into  heat,  so  that  the  heart  must 
be  regarded  as  one  of  the  most  important  sources  of  heat  in  the  human  body. 

In  the  meantime,  however,  we  must  limit  our  investigation  of  the  heart  to 
the  examination  of  its  power  of  doing  mechanical  work,  the  pulmonary  and  the 
systemic  circulations  both  being  taken  into  consideration.  This  is  no  easy 
matter,  since  the  individual  factors  undergo  manifold  changes,  especially  when 
pathological  lesions  are  present.  It  is  possible,  however,  to  state,  in  the  first 
place,  a  simple,  general  law  which  is  a  great  help  to  a  correct  estimation  of  the 
pathological  disturbances.  The  law  is  as  follows : — Life  can  onJij  he  maintained 
for  anij  length  of  time  if  the  right  and  the  left  heart  and  also  each  one  of  its  four 
chambers  transmit  equal  volumes  of  hlood  in  a  given  time. 

In  applying  this  law,  it  will,  of  course,  be  remembered  that  only  the  volume 
of  blood  directly  necessary  for  the  circulation  and  propelled  by  the  heart  is 
spoken  of.  In  rujJture  of  the  aortic  valves,  for  instance,  part  of  the  lilood  from 
the  aorta  passes  back  into  the  left  ventricle  during  its  diastole.  This  regur- 
gitated blood  must  be  deducted  from  the  quantity  of  blood  thrown  into  the 
aorta  during  the  systole  of  the  left  ventricle  when  the  above  law  is  apjilied. 
Small  corrections,  also,  must  be  made  for  the  lymj^h  which  escapes  from  the 
capillaries  of  the  lungs,  and  other  similar  losses  which  somewhat  diminish 
the  quantity  of  blood  brought  to  the  left  heart. 

Exception  has  frequently  been  taken  to  this  law,  although  it  is  perfectly 
evident  that,  if  the  right  ventricle  sent  on  even  one  single  additional  cubic 
centimetre  of  blood  at  each  systole,  for  any  length  of  time,  the  whole  of  the 
blood  must  accumulate  in  the  pulmonary  circulation  within  a  few  hours.  The 
increase  in  the  amount  of  blood  sent  on  by  the  right  ventricle  would  amount  to 
75  ccni.  in  one  minute,  75  pulse  beats  being  reckoned  to  the  minute,  and  in 
two  hours  would  amount  to  no  less  than  9  litres.  Long  before  this,  death 
Avould  have  taken  place  from  Avant  of  blood  in  the  systemic  circulation. 

Transient  inequcdities  in  the  qiiantiti/  of  hlood  sent  on  by  the  different  chambers  of 
the  heart  are  not  infrequent,  however.  In  this  case,  large  quantities  of  blood 
accumulate  in  different  parts  of  the  vascular  sj'stem — in  the  pulmonary  vessels 
when  the  left  heart  is  inefficient,  and  in  the  systemic  circulation  Avhen  the  right 
heart  is  inefficient.  After  a  short  time,  however,  if  death  is  to  be  avoided,  the 
equilibrium  of  the  stream  must  be  restored,  so  that  the  different  chambers  of 
the  heart  may  again  transmit  equal  volumes  of  blood  in  equal  spaces  of  time. 
The  abnormal  distribution  of  the  blood  thus  remains,  but  the  amount  of  blood 
entering  and  leaving  the  four  divisions  of  the  heart  again  becomes  equal. 
Sooner  or  later  compensation  may  be  brought  about  by  a  temporary  reversal  of 
the  i^reA^ous  inequality  in  the  action  of  the  two  sides  of  the  heart. 

Such  disturbances  are  very  striking  if,  for  example,  the  segments  of  the 
mitral  A^alves  are  defective.  The  action  of  the  left  auricle  and  of  the  left 
ventricle  is  impaired.  If,  for  a  short  time,  these  parts  of  the  heart  send  on  less 
blood,  the  systemic  circulation  is  badly  supplied  and  the  pulmonary  circulation 
is  congested.  This  condition  becomes  permanent  if  the  defect  in  the  valves  is 
not  repaired.  Increased  action  of  the  left  ventricle  and  auricle,  as  well  as  of 
the  right  ventricle,  very  soon  compensates  for  the  disturbance,  in  so  far  that 
the  equilibrium  of  the  blood-current  is  again  established.  The  details  of  this 
increased  function  will  afterwards  be  dealt  with.  The  quantity  of  blood 
passed  from  the  right  lieart  into  the  pulmonary  artery  and  from  the  left  heart 
into  the  aorta  again  becomes  equal,  while  the  congestion  of  the  pulmonary 
circulation  persists. 

The  working  power  of  the  heart  must  be  clearly  distinguished  from  the 
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quantity  of  blood  (measured  by  its  weight  and  volume)  which  it  propels.  This 
working  power  is  made  up  of  the  Avorking  power  of  the  right  and  left  halves 
of  the  heart.  That  of  the  right  half  of  the  heart,  A'',  is  equal  to  the  weight,  (j, 
of  the  quantity  of  blood  sent  on,  multiplied  by  the  height,  (/,  of  the  difference 
of  pressure  produced  by  the  right  heart  between  its  arterial  and  venous 
openings  {i.e.  between  the  openings  of  the  venae  cavne  and  pulmonary  artery). 

In  the  same  way,  the  working  power,  A^,  of  the  left  half   of  the  heart  is  equal 

to  the  product  of  the  weight,  G,  of  the  quantity  of  blood  sent  on  and   the 

height,  D,  of  the  difference  in  pressure  between  the  arterial  and  venous  openings 

in  the  left  half  of  the  heart.  . ,     ^^ 

A'  =  GD. 

The  working  poAver,  A*,  by  the  whole  heart  is  therefore  equal  to  the  sum  of 
the  working  powers  of  its  halves. 

A«  =  A'-  +  A^  =  i/<^  +  GD. 

When  it  is  remembered  that,  as  a  rule,  the  volume  and  therefore  also  the  weight 
of  the  quantity  of  blood  sent  on  by  the  right  and  left  heart  are  equal,  and  if 
we  disregard  the  transitory  disturbances  already  mentioned,  in  most  cases 

so  that  in  those  cases  also  '         ' 

A^'  =  ,vO/+D). 

The  working  power  of  the  whole  heart,  therefore,  if  an  equilibrium  of  the 
blood-stream  be  presupposed,  is  equal  to  the  weight  of  the  amount  of  blood,  (j, 
passed  through  one  of  the  openings  of  the  heart  within  the  unit  of  time, 
nudtiplied  by  the  sum  of  the  differences  of  jjressure  produced  by  the  right  and 
the  left  halves  of  the  heart,  d  and  D. 

These  results  show  that  it  is  not  sufficient,  in  estimating  the  working  power 
of  the  heart,  to  know  the  weight  (or  the  volume,  which  can  easily  be  converted 
into  the  Aveight)  of  the  blood  transmitted ;  but  the  jDressure  of  the  blood  at 
the  four  openings  must  also  be  known  and  taken  into  account.  For  many 
purposes,  the  approximate  values  gained  by  comparative  estimation  in  animals 
and  by  many  indirect  methods  of  measurement  may  suffice.  Accurate  deter- 
minations of  the  amount  of  the  blood-pressure  in  man  are  not  yet  available 
in  sufficient  number.  "We  must,  therefore,  draw  some  general  conclusions  from 
experiments  on  animals  which  we  may  perhaps  be  warranted  in  transferring 
to  the  human  circulation. 

In  the  first  place,  these  deal  Avith  the  ada-ptahilily  of  the  vascular-  system  to 
varying  qiumtities  of  blood — a  property  Avhich  deserves  more  careful  consideration 
in  pathology  than  has  hitherto  been  given  to  it.  Worm  Miiller  and  Lesser 
have  shown,  under  the  sui^erintendence  of  C.  Ludwig,  that  the  pressure  in  the 
aortic  system  undergoes  no  great  change,  even  when  there  is  considerccble  increase  or 
diminution  in  the  quantity  of  blood  in  the  circulation.  This  phenomenon,  which  is 
due  chiefly  to  a  corresponding  regulation  of  the  tone  of  the  vessel,  has,  of 
course,  its  limits,  but  these  are  A^ery  wide.  On  the  strength  of  those  experi- 
ments, it  may  be  assumed  that  the  blood  -  pressure  in  the  aorta  does  not  show 
permanent  rise  or  fall  until  the  normal  volume  of  the  blood  in  the  circulation  is 
increased  or  diminished  by  one-third  or  one-half. 

If  it  were  permissible  to  apply  these  facts  directly  to  man,  in  Avhom  the 
total  quantity  of  blood  is  about  9  per  cent  of  the  Aveight  of  the  body,  the 
total  quantity  of  blood  Avould  have  to  be  changed  by  an  amount  equal  to  2-4 
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per  cent  of  the  Aveight  of  the  body  before  the  aortic  pressure  rose  or  fell. 
Such  an  exact  arithmetical  application  of  the  result  of  experiments  on  animals 
to  human  pathology  is,  of  course,  a  priori,  not  permissible.  The  results, 
however,  of  profuse  haemorrhages  prove  that  in  man  also  the  same  relations 
exist,  and  that  the  same  percentages  are  approximately  correct. 

Pathologists  have  approached  this  question  from  another  side,  as  will  have 
to  be  discussed  in  the  consideration  of  dropsy.  Dembowski  specially,  working 
under  my  direction,  has  shown  that,  as  the  volume  of  the  circulating  fluid 
increases,  the  veins  become  relatively  more  quickly  filled  and  the  pressure 
Avithin  them  somewhat  higher.  This  fact  shows  that  an  increase  in  the  amount 
of  the  blood  in  actual  circulation,  in  spite  of  the  fact  that  the  aortic  pressure 
is  kept  fairly  constant,  produces  a  pathological  condition  of  the  circulation. 
Clinical  observations  show  that  diminution  of  the  volume  of  the  circulating 
blood  also  produces  a  mox'bid  disturbance  of  the  circulation,  and  is  followed, 
in  process  of  time,  by  a  serious  reduction  of  the  working  power  of  the  heart. 
This  will  be  more  fully  discussed  later.  For  our  present  purpose,  the  general 
results  which  have  been  obtained  Avith  regard  to  the  blood-pressure  and  the 
volume  of  blood  transmitted  by  the  heart  are  sufficient  to  enable  us  to  estimate 
the  general  disturbances  of  the  circulation  which  depend  upon  the  heart. 
These,  as  already  mentioned,  are  caused  by  the  manifold  diseases  of  the  various 
anatomical  and  histological  elements  of  Avhich  the  heart  is  composed.  These 
lesions,  however,  agree  in  their  action  in  this  respect,  that  they  more  or  less 
diminish  the  working  power  of  the  heart,  and  therefore  make  it  incapable  of 
performing  its  function  properly. 

It  can  be  understood  that  there  are  many  degrees  of  disturbances  which 
pass  without  sharp  limit  into  one  another,  but  which  may,  however,  be  divided 
into  three  main  forms  : — 

(1)  The  heart  may  have  its  activity  so  completely  reduced  that  death  is  the 
immediate  consequence  {com^olete  insufficiency  of  the  heart). 

(2)  The  activity  of  the  heart  may  be  reduced  to  such  a  degree  that  the 
action  of  gravity — that  is,  the  haemostatic  pressure  independent  of  the  Avork  of 
the  heart — exceeds  the  hsemodynamic  pressure  and  causes  gravitation  of  the 
blood  into  the  dependent  parts  of  the  body  (hypostasis). 

(3)  In  a  third  series  of  cases  the  activity  of  the  heart  is  less  reduced,  so 
that  the  phenomena  of  hypostasis  are  Avanting,  but  over-distension,  engorgement 
of  veins — general  venous  hyperceiiiia  or  general  venous  engorgement — is  produced. 

1.  Complete  Insufficiency  of  the  Heart 

It  is  found  in  many  cases  that  long- continued  impairment  of  the  heart's 
action,  resulting  in  venous  hypersemia  or  hypostasis,  makes  the  heart  so 
incapable  of  performing  its  function  that  the  circulation  ceases  and  death 
takes  place.  We  may  then  speak  of  a  sloAvly  or  chronically  developed  complete 
insufficiency  of  the  heart,  Avhich,  hoAvever,  can  only  exist  for  a  very  short  time, 
because  a  series  of  vital  organs,  the  brain  especially,  becomes  speedily  inactive 
if  insufficiently  supplied  Avith  blood. 

In  other  cases  a  complete  insufficiency  of  the  heart  develops  Avithout 
Avarning,  or  Avithout  striking  an  unequivocal  Avarning ;  this  is  acute  complete 
insufficiency  of  the  heart.  It  has  been  frequently  observed  that  apparently 
healthy  men  die  suddenly  and  unexpectedly.  Post-mortem  examination  shoAvs, 
as  a  rule,  a  number  of  changes  Avhich  explain  the  cause  of  death.  Sometimes 
there  is  such  a  high  degree  of  disturbance  of  the  mechanism  of  the  heart,  a 
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rupture  of  the  left  ventricle,  for  example,  that  one  is  justified  in  attributing 
the  immediate  cause  of  death  to  this  sudden  disturbance. 

But  sometimes  in  such  sudden  deaths  nothing  more  than  a  somewhat 
excessive  distension  of  the  veins  Avith  blood  can  be  demonstrated.  In  this 
case  there  may  occasionally  be  found  such  conditions  as  diseases  of  the  coronary 
arteries  of  the  heart,  or  cloudy  swelling  of  the  myocardium,  and  transverse 
fissuring  of  the  muscular  fibres  of  the  heart  (von  Recklinghausen).  In  some 
cases  the  sudden  death  is  preceded  by  the  occurrence  at  long  intervals  of 
severe  attacks  of  angina  and  dyspnrea,  which  sometimes  indicate  that  the 
innervation  of  the  heart  is  also  affected. 

If,  after  death,  no  striking  abnormalities  of  the  distribution  of  the  blood 
can  be  seen  by  the  naked  eye,  but  only  a  somewhat  greater  distension  of  the 
veins  of  the  systemic  and  pulmonary  circulation,  Ave  are  justified,  in  cases  of 
insufficiency  of  the  heart,  in  concluding  that  this  insufficiency  develops  equally 
in  both  sides  of  the  heart.  A  greater  distension  of  the  veins  of  the  systemic 
and  pulmonary  circulation  is,  however,  only  a  result  of  the  fact  that,  after  the 
heart  ceases  to  act,  the  pressure  'va.  the  arteries  and  veins  becomes  equalised  by 
the  passage  through  the  capillaries  into  the  veins  of  a  part  of  the  contents  of 
the  more  tense  arteries.  This  distends  the  veins,  Avhich  cannot  send  on  any 
appreciable  quantity  of  blood  to  the  heart.  We  must  not,  therefore,  suppose 
that  there  is  any  inequality  in  the  degree  of  the  affection  of  the  right  and  left 
heart.     The  insufficiency  affects  both  sides  of  the  heart  in  an  equal  degree. 

The  conditions  are  not  always  so  simple,  however.  In  the  death  agony  it 
appears,  both  in  chronic  and  in  acute  insufficiency  of  the  heart,  that  inequalities 
in  the  distension  of  the  systemic  and  of  the  pulmonary  circulation  arise  which 
can  also  be  demonstrated  anatomically.  It  is  hardly  justifiable  in  such 
occurrences  to  draw  general  conclusions  as  to  the  amount  of  the  blood- 
pressure  which  was  present  in  the  various  vessels  before  death.  Certainly 
such  conclusions  have  been  frequently  attempted,  but  they  have  only  led  to 
differences  of  opinion  which  as  yet  cannot  be  harmonised.  It  seems  much 
more  to  the  purpose,  therefore,  to  rely  upon  the  conclusions  already  obtained, 
and  to  hold  that,  in  such  conditions,  a  distension  of  the  pulmonary  circulation 
shows  that  the  left  heart  transmitted  a  smaller  quantity  of  blood  than  the 
right  heart ;  while,  in  like  manner,  a  distension  of  the  systemic  circulation 
shows  that  the  propelling  power  of  the  right  ventricle  is  relatively  reduced. 

This  result  is  quite  certain  and  generally  applicable,  but  the  inequalities  of 
the  propelling  power  of  the  two  halves  of  the  heart  may  arise  in  various  ways 
in  individual  cases.  It  may  be  because  the  functional  activity  of  one  half  of 
the  heart  is  absolutely  reduced ;  it  may  be  that  the  resistance  which  the 
peripheral  branches  of  the  vessel  offer  to  the  blood -stream  becomes  altered 
and  induces  relative  insufficiency  in  the  various  parts  of  the  heart. 

2.  Hypostasis  in  the  Dead  and  in  the  Living 

Hypodiim  occurs  both  during  life  and  after  death.  For  pathologists  it  is 
important,  therefore,  to  recognise  the  appearance  oi  pjd -mortem  hypostasis. 

(1)  After  death  the  power  of  the  heart  ceases,  and  the  tone  of  the  vessels 
disappears.  Firstly,  the  differences  of  pressure  between  the  arteries  and  veins 
become  equalised,  because  the  arteries,  which  were  previously  distended  by  the 
blood-pressure,  become  contracted  by  virtue  of  their  elasticity.  If  the  Avhole 
mass  of  the  blood  Avere  noAv  to  coagulate,  all  further  change  in  the  distribution 
of  the  blood  Avould  cease  ;  but,  as  a  rule,  the  blood  in  the  capillaries  coagulates 
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extremely  slowly.  It  remains  fluid  many  hours  after  death ;  and  even  in  the 
larger  vessels  coagulation  of  the  blood  is  delayed,  sometimes  for  an  extremely 
long  time.  The  opportunity  is  therefore  given  for  the  fluid  blood  in  the 
vessels  to  obey  the  influence  of  gravity  and  to  accumulate  in  those  parts  of  the 
body  which,  in  any  given  position  of  the  cadaver,  are  the  most  dependent, 
while  the  higher  parts  of  the  body  become  relatively  depleted  of  blood. 

The  removal  of  the  tonic  innervation  of  the  Avails  of  the  vessels  is  of  srreat 
importance  for  this  movement  of  the  blood  toward  the  dependent  parts  of  the 
body.  So  soon  as  the  tonic  contraction  of  the  muscular  walls  of  the  vessels 
disappears,  the  hsemostatic  pressure,  caused  exclusively  by  the  weight  of  the 
blood,  dilates  the  smaller  arteries  and  veins  in  the  dependent  parts.  The  blood 
gravitates  into  them  from  the  higher  parts,  and  greatly  distends  the  capillaries 
with  red  blood  corpuscles.  It  is  not  known  whether  the  elasticity  of  the  wall 
of  the  capillaries  changes  after  death,  but  their  permeability  increases  when 
decomposition  begins,  if  not  sooner.  In  the  dependent  parts  of  the  body,  for 
this  reason,  the  hsemostatic  pressure,  which  alone  can  act  in  the  cadaver, 
drives  the  fluid  part  of  the  blood  through  the  capillary  wall  into  the  tissues. 
The  blood  corpuscles  remain  in  the  capillaries  as  in  a  filter.  New  supplies  of 
blood  follow  from  higher  levels  and  can  repeat  the  same  process,  but  the 
capillaries  are  so  compactly  filled  with  red  blood  corpuscles  that  there  is 
only  room  Avithin  them  for  extremely  minute  quantities  of  plasma. 

The  capillaries  now  contain  an  excessive  number  of  red  corpuscles.  In 
consequence  of  this  the  corresponding  parts  of  the  body  appear,  even  to  the 
naked  eye,  of  a  dark  purple  colour,  while  the  blood  plasma  Avhich  transudes 
from  the  capillaries  greatly  increases  the  amount  of  fluid  in  the  tissues.  The 
bluish  tint  in  the  red  colour  of  the  dependent  parts  of  the  body  depends  partly 
upon  the  transparency  of  the  tissue,  especially  the  skin,  but  is  mainly 
determined  by  the  amount  of  carbonic  acid  present  and  the  absence  of  oxygen. 
After  death  the  tissues  absorb  the  oxygen  which  is  combined  with  the 
hoemoo-lobin  of  the  blood.  The  blood  becomes  dark  and  shows  s;reater 
dichroism.  It  is  only  in  the  cadaver  of  persons  who  have  inhaled  large 
amounts  of  carbonic  oxide  (coal  gas  or  charcoal  fumes)  that  bright  red  spots 
are  found  on  the  dependent  parts,  in  consequence  of  the  combination  of 
carbonic  oxide  with  haemoglobin. 

\\\  pod-modem  hypostasis  in  the  region  of  the  systemic  circulation  accordingly, 
a  dark  purple  colour  and  some  cedema  of  the  skin  are  found  in  the  parts  of  the 
body  which  are  most  dependent.  When  the  cadaver  lies  in  the  horizontal 
position  on  its  back,  these  red  livid  s})ots  appear  principally  in  the  skin  of  the 
back  and  nates,  but  those  parts  of  the  skin  over  the  bony  projections  on  which 
the  weight  of  the  body  rests  are  completely  free  from  lividity.  The  Aveight  of 
the  cadaver  compresses  the  capillaries  and  the  connective  tissue  spaces,  and 
expels  the  blood  and  the  lymph  from  them  into  neighbouring  parts,  Avhich  are 
not  exposed  to  pressure.  White  spots  and  streaks  therefore  appear  upon  the 
dark  purple  areas  of  the  skin  of  the  dependent  parts  of  the  body,  at  those 
places  Avhich  correspond  to  the  bony  prominences  that  bear  the  weight  of  the 
body,  such  as  the  spines  of  the  scapulae,  the  os  innominatum,  and,  according  to 
the  position  of  the  cadaver,  in  other  places  also.  In  the  same  manner  within 
the  pulmonary  circulation,  ■post-uwrtem  hypostasis  produces  dark,  purple,  highly 
engorged  and  somcAvhat  edematous  areas  in  the  most  dependent  jDarts  of  the 
lungs. 

(2)  During  life  also,  gravitation  hyperemia  or  hypostasis  may  develop  in  the 
more  dependent  parts,  Avhile  at  the  same  time  the  amount  of  blood  in  the 
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higher  parts  diminishes.     This  is  in  all  cases  to  be  ascribed  to  a  considerable 
diminution  of  the  arterial  blood  pressure. 

A  great  and  permanent  fall  in  the  arterial  blood  pressure  involves,  under 
all  circumstances,  a  severe  disturbance.  It  develops  under  two  conditions 
which,  at  first  sight,  appear  very  different  from  each  other. 

(it)  Either  the  amount  of  blood  propelled  by  the  heart  is  so  small  that, 
although  life  is  not  immediately  threatened,  yet  the  tone  of  the  wall 
of  the  vessel  and  the  vaso-motor  nerves  are  not  able  to  accommodate 
the   vascular  system  to  the  diminished  amount  of  blood  ;  this  is  severe 
absolute  insufficiency  of  the  heart. 
Qj)  Or  paralysis  of  the  vaso-motor  nerves  may  so  dilate  the  vessels  that  the 
heart,  although  acting  forcibly,  is  no  longer  able  to  raise  the  pressure 
within  them  to  normal.     The  heart  is  relatively  insufficient  to  cope  with 
the  difficulty  produced  by  the  vaso-motor  paralysis.     Such  conditions 
can  be  easily  induced  experimentally  in  animals,  if  the  cervical  part 
of  the  spinal   cord,  and  also  the  vagus    and  sympathetic    nerves  are 
divided  in  the  neck  and  artificial  respiration  induced. 
The  tone  of  the  wall  of  the  vessel  and  the  blood  propelled  hj  the  heart, 
however,  influence  only  the  hiemodynamic  pressure.     In  hypostasis  accordingly, 
the  diminution  of  pressure  is  to  be  looked  upon  exclusively  as  a  consequence 
of  the  diminution  of  hemodynamic  pressure  which  is  specially  prominent  in 
the  arteries.     With  regard  to  the  pressure  in  the  veins,  no  decisive  opinion  can 
be  expressed.      Since  the  vascular  tone  has  been  diminished,  it  is  probable  that 
the   reduction   of    the    hgemodynaraic    pressure    is    continued    into   the   veins. 
Great  increase  of    the  amount  of    blood  (or  of    fluids  injected  into  and  cir- 
culating in  the  vessels)  is,  however,  able  to  raise  the  pressure  in  the  veins,  and 
therefore  to  conceal  the  fall  of  haemodynamic  pressure.      On  the  other  hand,  it 
is  quite  certain  that  the  haemostatic  pressure  which  is  induced  exclusively  by 
the  action  of  gravity,  remains  unaltered  in  any  part  of  the  vascular  system  for 
a  given  position  of  the  body.     The  scheme  in  Fig.  166  shows  how  such  alter- 
ations of  pressure  behave  in  the  upright  position  of  the  body. 

This  scheme  shows  that  when  the  hemodynamic  pressure  is  reduced,  the 
influence  of  the  haemostatic  pressure  becomes  more  apparent,  and  the  differences 
of  the  total  pressure  exerted  upon  the  walls  of  the  arteries  at  various  levels 
become  more  prominent.  These  differences  will  be  most  easily  appreciated  if 
the  ratios  of  the  total  pressures  of  the  various  parts  of  the  body  be  comjDared. 
According  to  the  data  on  which  the  scheme  is  based,  which  are  at  least 
approximately  correct,  the  pressure  in  the  arteries  of  the  lower  extremity,  in 
the  normal  condition,  amounts  to  about  three  times  the  pressure  of  the  arteries 
at  the  top  of  the  head,  the  ratio  being  20  :  6.  The  fall  of  the  aortic  pressure, 
on  the  other  hand,  causes  the  arterial  blood  pressure  in  the  feet  to  be  fifteen 
times  greater  than  that  at  the  top  of  the  head,  the  ratio  being  15:1.  It 
cannot  appear  remarkable  that  such  an  abnormal  distribution  of  pressure 
should  produce  serious  disturbances. 

It  may  be  specially  mentioned  that,  in  consequence  of  this  abnormal  distri- 
bution of  the  blood-pressure,  it  is  impossible  for  the  patient  to  assume  or  to 
maintain  the  upright  position  without  bringing  on  alarming  symptoms  of 
cerebral  anemia,  viz.  fainting,  loss  of  consciousness,  and  vomiting,  which  pass 
on  to  muscular  spasms,  convulsions,  and  other  nervous  disturbances,  and  prove 
rapidly  fatal.  In  particular,  the  prolongation  and  deepening  of  the  respiration 
Avhich  immediately  precede  death  are  very  characteristic.  The  slight  amount 
of  pressure  in  the  arteries  of  the  head  is  insufficient,  when  the  body  is  upright, 
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to  drive  the  blood  into  the  brain  against  the  existing  intracranial  pressure.  It 
is,  therefore,  a  great  mistake  on  the  jDart  of  the  physician  to  place  a  fainting 
person  upright  instead  of  as  rapidly  as  possible  laying  him  horizontally. 

The  patient,  in  whom  hypostasis  occurs,   will,  if    nothing    prevents    him, 
voluntarily  assume  a  horizontal  position,  or  will  be  forced  to  do   so  by  his 
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faintness.  The  great  difference  of  blood- pressure  in  the  vascular  areas  then 
becomes  equalised,  Avhole  organs  are  again  flushed  with  blood,  while  the  total 
blood-pressure  apj^roaches  the  values  of  the  haemodynamic  pressure  stated  in 
the  scheme.  It  is  found  accordingly  that  in  long-continued  hypostasis  of  the 
living  body,  a  condition  which  always  makes  the  horizontal  j^osition  necessary, 
there    is    no   abnormal   reddening  of   the   dependent  jjarts  of  the   hodij,  with    the 
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exception  of  those  parts  of   the  skin  which  cover  the  bony  prominences  on 
which  the  weight  of  the  body  is  supported. 

It  is,  however,  clear  that  the  great  reduction  of  hsemodynamic  pressure  will 
cause  a  slowing  of  the  whole  circulation  of  the  blood.  This  is  manifested  not  only 
by  the  general  muscular  weakness,  but  also  by  the  lower  temperature  of  the  skin,  for, 
although  the  skin  can  produce  a  small  amount  of  heat,  the  greater  part  of  its 
heat  is  brought  to  it  by  the  warm  blood-stream  from  the  warm  interior  of  the 
body.  If  this  stream  is  slowed,  the  temperature  of  the  skin  is  much  reduced, 
owing  to  the  unavoidable  loss  of  heat,  since  the  slowed  blood-stream  no  longer 
warms  it  sufficiently. 

Further,  it  is  observed  that  the  skin  on  the  highest  parts  of  the  body  is 
specially  reduced  in  temperature,  and  at  the  same  time  loses  its  fulness — that 
is,  it  diminishes  somewhat  in  volume.  Manifestly  in  the  higher  parts  of  the 
body  no  considerable  hindrance  is  offered  to  escape  of  the  fluids  from  the  tissues 
into  the  lymphatics,  since  the  pressure  in  the  veins  of  the  neck  into  which  the 
lymph  passes  has  been  reduced.  On  the  other  hand,  the  reduction  of  the  blood- 
pressure  in  the  highest  parts  of  the  body,  which  may  be  considerable,  involves  a 
diminution  in  the  transudation  of  fluids  from  the  blood  into  the  tissues.  The 
connective  tissue  spaces  are  less  fully  supplied  and  accordingly  collapse.  The 
capillaries  become  somewhat  narrower,  also,  presumably  in  consequence  of  the 
diminution  of  the  blood -pressure,  since  the  capillary  walls  probably  possess 
some  degree  of  elasticity.  This  is  a  new  factor  which  helps  to  explain  the 
diminution  of  the  fulness  and  also  the  pallor  of  the  most  elevated  parts. 
Lastly,  there  frequently  appears  in  the  highest  parts  of  the  body,  especially  on 
the  nose  and  chin,  in  addition  to  the  pallor,  a  faint  livid  colour,  which  suggests 
that  a  slight  accumulation  of  carbonic  acid  develops  in  the  circulating  blood  in 
the  areas  of  skin  stretched  over  prominent  parts.  Here  the  tension  of  the 
skin  on  the  projecting  bony  and  cartilaginous  prominences  may  cause  a 
relatively  greater  narrowing  of  the  capillaries,  which  leads  to  a  greater  retarda- 
tion of  the  blood-stream  and  an  accumulation  of  carbonic  acid  in  the  blood. 

These  are  the  elements  which,  when  moderately  marked,  compose  one  of 
the  characteristic  indications  of  severe  hypostasis  and  approaching  death, 
namely,  the  fades  Hippocratica.  The  relaxation  of  the  muscles  and  the  reduction 
of  the  turgescence  of  the  tissues  lead  to  a  sinking-in  of  the  temples,  of  the 
cheeks,  and  of  the  alse  nasi.  The  outlines  of  the  zygoma  and  the  jaws  stand 
out  more  sharply.  Nose  and  chin  appear,  in  consequence  of  the  disappearance 
of  the  turgescence  of  the  tissue,  more  pointed,  sharper,  and  longer,  the  lips  are 
dry,  the  face  pale  or  somewhat  livid,  cold  to  the  touch,  and,  immediately 
before  death,  a  cold  clammy  sweat  (the  explanation  of  which,  however,  is  still 
uncertain)  is  not  infrequently  secreted. 

In  hypostasis,  while  the  higher  parts  of  the  body  show  especially  the  pjhenomena 
of  ancemia,  on  the  other  hand,  in  the  dependent  parts  there  are  signs  of  engorgement 
with  blood.  The  pale  colour  of  the  cutaneous  surface  of  the  dependent  parts  of  the 
body  shows,  however,  that  this  engorgement  is  less  marked  in  the  capillaries, 
which  are  somewhat  narrowed  in  consequence  of  the  removal  of  blood-pressure, 
than  in  the  veins.  The  capillary  walls  are  apparently  perfectly  normal,  and 
are  fully  adapted  to  the  diminished  blood -pressure.  On  the  other  hand,  in 
healthy  people  the  walls  of  the  veins  off'er  comparatively  slight  resistance  to  passive 
stretching.  Even  if  their  tonic  innervation  is  unimpaired,  the  diminution  of 
muscular  movement  prodixced  by  the  general  bodily  weakness  must  cause 
accumulation  of  blood  in  the  veins  of  the  deeply-situated  parts  of  the  skin,  for 
passive  and  active  movements  of  the  voluntary  muscles  are  very  important 
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factors  in  driving  the   blood   along  the  veins,  as  can   be   seen   during   every 
venesection. 

The  same  is  true,  as  the  experiments  of  Emminghaus  show,  for  the 
movement  of  the  lymph.  The  accumulation  of  the  lymph  in  the  radicles  of 
the  lymph-vessels  and  in  the  spaces  of  the  tissues  necessarily  produces  a  greater 
amoxmt  of  fluid  in  the  tissues  of  the  dependent  part  of  the  body,  even  in- 
dependently of  anj'  increase  of  the  transudation  from  the  capillaries  into  the 
tissues.  It  is,  however,  of  special  practical  importance  that  the  reduction  of 
blood-pressure  produces  local  disturbances  of  the  circulation  in  all  those  parts 
of  the  skin  Avhich  are  specially  exposed  to  the  pressure  of  the  Aveight  of  the 
body.  If  patients  who  show  signs  of  hypostasis  are  turned  round  in  bed, 
there  is  at  first  nothing  to  be  seen  on  the  skin,  but  immediately  afterwards 
peculiar  red  spots  appear,  especially  over  those  bony  prominences  which  were 
previously  the  seat  of  pressure.  These  correspond  to  the  parts  of  the  skin 
which  Avere  previously  most  pressed  upon,  Iii  these  areas  the  pressure  of  the 
weight  of  the  body  had  compressed  the  capillaries  and  emptied  them.  "When 
the  pressure  is  removed  these  capillaries  become  over-distended  with  blood,  as 
generally  occurs  in  any  local  depletion  when  the  cause  of  the  depletion  is 
removed.  These  red  spots  are  as  a  rule  unfavourable  signs,  since  the  tissues 
die  if  they  have  been  deprived  of  blood  for  any  length  of  time  ;  and  a  presmre- 
gangrene  (decuhitus,  bed-sore)  is  formed  Avhich  threatens  life  by  septic 
poisoning  and  pyaemia.  It  is  the  duty  of  the  physician  to  assist  his  patient  by 
taking  proper  means  in  such  cases  to  prevent  any  part  of  the  skin  from  being 
completely  deprived  of  blood  for  long  periods. 

In  the  region  of  the  pulmonary  circulation,  also,  similar  inequalities  in  the 
distribution  of  the  blood,  and  especially  over-distension  of  the  vessels  of  the 
loAver  margins  of  the  lung,  arise  in  cases  where  the  heart  is  seriously  weakened, 
hypostatic  congestion  of  the  lungs.  These  not  infrequently  pass  on  to  a  more 
serious  condition,  hypostatic  jmeumonia,  Avhich  Avill  be  considered  in  the  special 
part  of  this  Avork,  since  it  is  A'ery  frequently  associated  Avith  septic  infections. 

3,  General  Venous  Congestion 

General  venous  congestion  is,  like  hypostasis,  a  result  of  the  disturbance  of 
the  function  of  the  heart,  and  it  may  be  said  that  in  many  cases  the  hypostasis 
is  the  final  stage  of  the  disease  which  begins  Avith  venous  congestion. 

As  a  rule,  general  congestion  of  the  A'enous  system  is  described  as  a 
diminution  of  the  differences  of  pressure  between  the  arterial  and  A'enous  orifices 
of  the  heart,  arising  in  consequence  of  the  Aveakened  action  of  the  heart.  It 
Avas  assumed  that  the  blood-pressure  in  the  veins  increased,  while  that  in  the 
arteries  fell.  These  are  vieAVS  which  ultimately  depend  upon  investigations 
which  AA'ere  made  a  long  time  ago  bj'  Weber  AA-ith  artificial  models  of  the 
circulation.  Cohnheim  afterwards  thought  that  he  could  demonstrate  these 
A'ieAvs  by  some  experiments  on  living  animals.  For  this  purpose  he  dislocated 
the  heart  in  dogs,  and  found  that  the  arterial  pressure  fell  and  the  venous 
pressure  rose.  These  experiments  cannot  be  criticised,  because  Cohnheim  gaA'e 
no  indication  of  the  details  of  the  method  of  dislocatine;  the  heart.  All  Ave  can 
learn  from  them  is  the  fact  that  it  is  possible  to  produce  disturbances  of  the 
function  of  the  heart  in  such  a  Avay  that  the  pressure  in  the  aorta  may  fall 
temporarih^,  Avhile  that  in  the  veins  of  the  neck  may,  similarly,  rise  temporarilJ^ 
These  experiments  of  Cohnheim's  are  of  no  A-alue  for  the  question  before  us. 
The  experiments  Avith  rubber  tubes  also,  although  they  may  explain  certain 
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purely  mechanical  questions,  cannot  decide  this  matter,  since  they  leave  out  of 
account  the  tonic  innervation  of  the  walls  of  the  vessels.  Finally,  the  whole 
definition  of  venous  congestion  which  rests  upon  these  experiments  so  com- 
pletely destroys  the  distinction  between  hypostasis  and  venous  engorgement, 
that  it  is  manifestly  necessary  to  re-examine  the  facts  more  thoroughly. 

The  most  striking  phenomenon  in  general  venous  congestion  is  the  accumu- 
lation of  blood  in  the  veins.  The  veins  are  greatly  dilated  by  the  large 
amount  of  blood  which  accumulates  in  them.  We  are  by  no  means  justified  in 
inferring  the  existence  of  an  increase  of  the  blood -pressure  in  the  veins  from 
their  over-distension  and  dilatation,  since,  in  any  given  degree  of  distension,  the 
pressure  is  to  a  great  extent  dependent  upon  the  tone  of  the  walls  of  the  vein. 
Still,  however,  the  higher  degrees  of  over-distension  of  the  veins  seem  to  involve 
an  increase  of  the  pressure  within  them.  When  the  veins  are  opened  in  such 
cases,  the  blood  frequently  but  not  invariably  spurts  out  with  considerable 
force. 

In  consequence  of  long- continued  excessive  engorgement  of  the  veins, 
another  symptom  arises  which  also  suggests  that  the  pressure  within  them  is 
increased.  This  is  dropsy  of  all  the  tissues,  or  general  oedema.  As  will  be  seen 
more  fully  in  consideration  of  local  distui'bances  of  the  circulation,  an  increase 
of  pressure  in  the  veins  involves  an  increased  transudation  of  tiuid  from  the  capil- 
laries and  small  veins  into  the  tissue  spaces,  since  in  general  venous  stagna- 
tion, if  associated  with  an  increase  of  pressure  in  the  veins,  the  flow  of  lymph 
from  the  great  lymphatic  trunks  in  the  neck  into  the  veins  of  the  neck  is 
hindered  and  an  accumulation  of  lymph  occurs.  The  increased  transudation 
leads  to  overfilling  of  the  tissue  spaces  with  clear  fluid  derived  from  the  blood, 
to  general  oedema. 

In  general  congestion  of  the  venous  system  the  sJcin  feels  cool,  even  although 
the  temperature  of  the  interior  of  the  body  is  normal.  This  shows  that,  if 
there  are  no  other  special  causes  of  reduction  of  temperature,  the  circulation 
must  he  slowed,  and  that,  therefore,  the  heart  in  a  given  time  transmits  a  smaller 
quantit)/  of  blood  than  normcdhj.  The  temperature  of  the  skin  falls,  therefore,  be- 
cause it  is  supplied  Avith  smaller  quantities  of  warm  blood.  The  more  slowly 
circulating  blood  in  the  cajnllaries  is  more  deficient  in  oxygen  and  richer  in 
carbonic  acid  than  normally.  It  is  therefore  darker,  and  its  darker  colour 
makes  itself  visible  externally  by  a  purple,  cyanotic  colour  of  the  skin. 

Clinical  observations  show,  further,  that  general  venous  congestion  begins  by 
relatively  slight  diminutions  in  the  amount  of  blood  transmitted  by  the  heart. 
The  regulation  of  the  tone  of  the  vessel,  however,  is  not  disturbed  until  the 
blood  driven  into  the  systemic  arteries  falls  below  a  certain  limit.  This 
limit  at  which  the  vascular  tone  is  disturbed  is  shown  by  a  considerable 
fall  in  the  hemodynamic  pressure  in  the  arteries,  and  by  hypostasis,  which  is 
associated  with  it.  Since  the  appearances  of  hjq)ostasis  are  so  strikingly  diff"erent 
from  those  of  general  venous  congestion,  there  is  no  ground  that  warrants  the 
assumption  that  there  is  a  fall  of  the  arterial  blood  pressure  in  general  venous  engorge- 
ment. Although  the  heart  in  equal  spaces  of  time  transmits  smaller  quantities 
of  blood,  the  vascular  system  possesses,  within  certain  limits,  the  power  of 
accommodating  itself  to  a  small  quantity  of  blood,  and,  in  spite  of  a  lowered  dis- 
tension of  the  aortic  system,  can  keep  the  systemic  blood-pressure  at  a  normal 
level,  or  within  the  physiological  limit. 

The  opinion  is,  therefore,  justifiable  that,  in  general  venous  hypercemia,  the  blood- 
pressure  in  the  systemic  arteries  remains  approximately  constant.  The  agreement, 
then,  between  hypostasis  and  venous  congestion  consists  in  this  :  that  both  lesions 
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are  a  consequence  of  an  absolute  or  of  a  relative  diminution  of  tlie  volumes  of 
blood  transmitted  by  the  heart  in  a  given  time.  The  difference  in  the  two 
lesions,  however,  is  to  be  looked  for  in  the  fact  that,  in  general  congestion,  the 
regulation  of  the  vascular  tone  and  of  the  blood  -  pressure  in  the  systemic 
arteries  remains  within  the  physiological  limit,  while  hypostasis  arises  Avhen  the 
vascular  tone  disappears,  and  the  hemodynamic  blood -pressure  materially 
falls.  "With  reference  to  the  blood-pressure  which  is  present  in  the  arteries  and 
veins  of  the  pulmonary  circulation  in  these  lesions,  a  general  conclusion  is 
not  possible.  Experiments  upon  the  relations  of  the  condition  of  the  tonic 
innervation  of  these  vessels  are  required  for  this  purpose,  but  they  are  not 
available  to  a  sufficient  extent.  The  special  cases,  however,  which  bear  distinctly 
on  this  subject  will  be  considered  later  along  with  the  diseases  of  the  heart  and 
lungs.  The  mode  of  development  of  general  venous  congestion  may  now  be 
stated  in  a  few  words. 

(1)  A  diminution  of  the  volume  of  bloou  transmitted  by  the  heart  in  a 
i^iven  time  is  to  be  resrarded  as  the  immediate  cause  of  sreneral  venous  consres- 
tion  affecting  both  systems  of  the  circulation  equally.  This,  however,  involves  a 
proviso  that  this  reduction  in  tlie  amount  of  blood  transmitted  shall  not  reach 
the  limit  beyond  which  disturbances  of  the  regulation  of  the  vascular  tone 
would  be  produced. 

(2)  A  diminution  of  the  volume  of  Ijlood  transmitted  by  the  heart  reduces 
the  distension  of  the  arteries  and  increases  that  of  the  veins  of  the  systemic  and 
the  pulmonary  circulations.     The  arteries  become  contracted,  the  veins  dilated. 

(3)  The  diminished  distension  of  the  systemic  arteries — that  is  to  say,  the 
diminution  of  the  amount  of  blood  propelled  into  the  arteries  by  the  heart  in  a 
given  time — involves,  in  the  lesser  degrees  of  venous  congestion,  no  essential 
diminution  in  the  hfemodynamic  pressure  in  the  aortic  system,  since  the 
mechanism  which  regulates  the  vascular  tone  is  active,  and  increases  the  tone 
of  the  otterial  wall  to  a  degree  which  corresponds  to  the  lessened  amount  of 
blood  sent  into  the  arteries. 

(4)  The  greater  distension  and  dilatation  of  the  veins  of  the  systemic  circula- 
tion are,  or  are  not,  accompanied  by  a  rise  of  pressure  Avithin  them  according  to 
the  condition  of  the  wall  of  the  vein  as  regards  tonicit}',  and  the  degree  of  the 
disturbance  of  the  function  of  the  heart.  If  there  is  a  rise  of  pressure  in  the 
veins,  the  fall  between  the  artery  and  vein  is  diminished,  and  at  the  same 
time  the  rise  of  venous  pressure  may  lead  to  the  occurrence  of  general  oedema. 

(5)  The  diminution  of  the  amount  of  blood  propelled  by  the  heart  in  a 
given  time  is  followed  by  a  slowing  of  the  blood -stream  in  the  capillaries, 
an  increase  of  carbonic  acid,  a  diminution  of  oxygen  in  the  blood  in  the 
capillaries  and  veins  of  the  systemic  circulation,  cyanosis,  and  reduction  of 
the  temperature  of  the  skin. 

(6)  The  diminution  of  the  amount  of  blood  transmitted  by  the  heart  in  a 
given  time,  when  the  arterial  blood  pressure  is  at  its  normal  level,  and  when 
the  venous  pressure  is  either  normal  or  increased,  indicates  a  reduction  of  the 
working  power  of  the  heart  in  so  far  as  it  is  aA'ailable  for  the  circulation. 

(7)  If  the  amount  of  blood  propelled  by  the  heart  in  a  given  time  is  very 
small,  disturbances  of  the  regulation  of  the  vascular  tone  arise,  the  blood- 
pressure  falls,  and  the  conditions  favouring  the  occurrences  of  hypostasis  are 
thus  produced. 

If,  therefore,  we  sum  up  the  disturbances  of  the  circulation  depending  upon 
a  diminution  of  the  working  power  of  the  heart,  Ave  may  state  the  results 
brief!  v  as  folloAvs  : — 
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(a)  Slight  diminution  of  the  wm'hing  poicer  of  the  heart  does  not  involve 
reduction  of  the  pressure  in  the  aorta,  since  the  vascular  system  may 
accommodate  itself  to  the  lessened  quantity  of  blood.  Since,  however, 
in  this  case  the  heart  in  a  given  time  transmits  smaller  quantities  of  blood 
from  the  veins  into  the  arteries,  the  blood  accumulates  in  the  veins  and 
general  venous  hypercemia  arises. 

(b)  More  considerable  reduction  in  the  icorking  power  of  the  heart  diminishes  the 
amount  of  blood  sent  into  the  arterial  system  to  such  a  degree  that  the 
tonic  innervation  of  the  vessel  wall  is  disturbed  and  the  hsemodynamic 
pressure  in  the  arteries  falls.  The  result  is  hypostasis  in  its  various 
degrees. 

('')  Complete  interruption  of  the  tcorking  power  of  the  heart  causes  death  either 
suddenly  and  Avithout  warning,  or  after  the  above-named  lesions 
(sudden  failure  of  the  heart). 

In  obtaining  the  above-mentioned  results,  no  account  has  been  taken  of  the 
action  of  the  two  sides  of  the  heart.  It  was  premised  that  the  right  and  the 
left  heart  transmit  equal  quantities  of  blood  in  the  same  time,  although  these 
might  be  smaller  than  normal.  This  premise  is,  however,  not  always  warranted, 
since  transient  inequalities  in  the  amount  of  blood  transmitted  by  the  two 
halves  of  the  heart  may  arise.  As  has  been  already  shown,  abnormalities  in 
the  distribution  of  blood  arise  in  the  systemic  and  pulmonary  circulations. 
If  the  left  heart  propels  less  blood  than  the  right,  the  blood  then  accumulates 
in  the  pulmonary  circulation  and  diminishes  in  the  systemic  circulation  ;  while, 
on  the  other  hand,  a  diminished  transmission  on  the  part  of  the  right  heart 
leads  to  an  over-distension  of  the  systemic  circulation. 

If  conditions  arise  at  the  same  time  which  cause  venous  hypostasis  or  general 
venous  hyperpemia,  this  inequality  in  the  distribution  of  the  blood  is  associated 
with  the  phenomena  of  hypostasis  or  those  of  general  venous  congestion. 
More  severe  disturbances  of  this  kind  cause  death,  with  either  the  phenomena 
of  hypostasis  or  those  of  venous  congestion,  and  oedema  prevails  in  the  systemic 
or  in  the  pulmonary  circulation.  In  disturbances  of  slighter  degree,  on  the 
other  hand,  the  abnormal  distribution  of  blood,  under  conditions  which  can 
only  be  api)reciated  in  a  separate  consideration  of  the  diseases  of  the  heart,  the 
vessels,  and  the  lungs,  brings  about  a  compensation,  in  the  sense  that,  while 
the  overfilling  of  one  circulation  continues,  both  sides  of  the  heart  again 
transmit  equal  quantities  of  blood.  The  appearances  of  venous  congestion 
are  then  more  strongly  marked  in  one  or  other  systems,  either  in  the  pulmonary 
or  in  the  systemic  circulation.  The  inequality  of  the  blood  transmission  is, 
however,  in  this  case  only  temporary,  but  its  effects  persist  until  the  inequality 
is  temporarily  reversed  and  a  uniform  action  of  both  sides  of  the  heart  is 
gradually  established. 
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II.   General  Disturbances  of  the  Circulation  caused  by  Diseases 
of  the  Walls  of  the  Vessels 

The  diseases  of  the  walls  of  the  vessels  Avhich  will  be  considered  here  are 
either  alterations  of  the  elasticity  of  the  walls  of  the  arteries  and  veins,  or 
alterations  in  the  permeability  of  the  walls  of  the  capillaries. 

The  walls  of  the  vessels  are  the  most  elastic  of  all  the  tissues  of  the  human 
body.  In  many  persons  they  are  able  to  bear  the  uninterrupted  tension  of  the 
blood -pressure  during  a  long  life  without  being  in  any  marked  degree  over- 
stretched or  dilated.  No  inanimate  substance  is  equal  to  such  a  function,  as 
continuous  tension  would  lead  to  a  progressive  stretching,  and  the  elasticity 
would  be  thereby  considerably  reduced.  Tliis  property  of  the  vessel  wall  is 
accounted  for  by  the  presence  of  the  muscular  coat.  This  is  an  apparatus  which 
is  able  to  transform  the  chemical  energy  brought  to  it  by  the  blood  and  lymph 
into  energy  of  elasticity,  and  thus  to  maintain  the  normal  condition  of  elasticity 
of  the  vessel  wall.  The  arterial  wall,  especially  in  the  aortic  system,  shows 
an  uninterrupted  periodic  increase  and  diminution  of  its  tone.  The  changes 
in  calibre  that  are  produced  are,  however,  inconsiderable.  They  can  have 
hardly  any  influence  on  the  propulsion  of  the  blood ;  but,  on  the  other  hand, 
their  importance  is  so  much  the  greater  as  regards  the  maintenance  of  the 
normal  elasticity  of  the  wall  of  the  artery,  the  regulation  of  the  blood-pressure, 
and  the  distribution  of  the  blood  in  the  various  vascular  areas. 

The  circulation  of  the  blood  is  more  or  less  seriously  disturbed  Avhen  the 
elasticity  of  the  vessel  walls  is  reduced.  It  is  the  general  diseases  chiefly 
which  affect  the  elasticity  of  the  vessel  wall :  acute  and  chronic  infectious 
diseases,  such  as  scarlet  fever,  typhoid,  syphilis,  tuberculosis,  and  others. 
Further,  many  long- continued  disturbances  of  general  nutrition  and  many 
poisonous  substances  absorbed  by  the  body  (phosphoi'us,  for  example,  as  has 
been  shown  by  Luntz,  working  under  my  direction)  diminish  the  elasticity  of 
the  vessel  wall  to  a  greater  or  less  extent.  Similar  changes  arise  by  functional 
overstraining  of  the  arteries,  induced  by  increase  of  the  heart's  action.  The 
diminution  of  the  elasticity  (as  Kiifer,  Luck,  and  I  have  found)  can  also  be 
demonstrated  after  death.  The  arteries  then  become  easily  stretched  by 
slight  pressure  to  a  quite  remarkable  degree. 

During  life  the  diminution  of  the  elasticity  of  the  arteries  shows  itself 
by  a  soft  distensile  pulse  and  a  s]3hygmographic  tracing  with  a  very  high 
dicrotic  rise,  which  is  unduly  far  removed  from  the  apex  of  the  wave.  The 
distance  of  the  apex  of  the  dicrotic  rise  from  that  of  the  pulse  wave  indicates, 
in  these  conditions,  that  the  pulse  wave  is  somewhat  slowly  propagated  in  the 
blood -stream.  At  the  same  time,  murmurs  which  are  synchronous  with  the 
pulse  are  heard  in  the  large  arteries — the  femoral,  for  example.  This  seems 
to  be  a  consequence  of  the  rapid  change  of  the  vascular  tension  which  the 
high  pulse  wave  produces.  Arterial  murmurs  are  thus  of  great  importance 
for  the  pathology  of  the  circulation.  Lastly,  I  may  point  out  that  in  many 
cases  the  appearance  of  a  pulse  in  the  retinal  arteries  on  ophthalmoscopic 
examination  is  to  be  ascribed  to  a  diminution  of  the  elasticity  of  their 
wall. 
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In  all  the  above-mentioned  cases,  however,  no  severe  general  disturbance  of 
the  circulation  usually  appears.  There  is  rather,  as  I  have  shown,  a  tendency 
to  an  alteration  of  the  structure  of  the  walls  of  the  artery.  In  consequence 
of  the  greater  tension  to  Avhich  the  weakened  walls  of  the  arteries  and  veins 
are  subjected  by  the  blood-stream,  their  lumen  dilates.  Since,  however,  the 
amount  of  blood  which  flows  through  a  section  of  an  artery  in  a  given  time 
is  determined  chiefly  by  the  condition  of  the  capillaries,  the  widening  of  the 
arteries  produces  only  a  moderate  increase  in  the  amount  of  blood  which  flows 
through,  so  that,  at  the  same  time,  the  rapidity  of  the  blood-stream  is  reduced 
in  the  widened  vessel.  A  retardation  of  the  stream  is  produced,  and  this,  as  I 
have  been  able  to  show,  is  the  immediate  cause  of  a  new  formation  of  connective 
tissue  in  the  intima  of  the  widened  artery.  This,  again,  diminishes  the  lumen 
of  the  artery,  and  the  latter  is  thus  re-adapted  to  the  blood-stream.  The  new 
formation  of  connective  tissue  in  the  intima  renders  the  vessel  wall  more  firm, 
so  that  it  appears  more  rigid  and  less  yielding  {arteriosclerosis,  phlebosderosis, 
angiosclerosis).  The  elasticity  of  the  wall  of  the  vessel,  and  therefore  the 
resistance  which  it  offers  to  stretching,  is  considerably  increased,  often  to 
such  an  extent  that  the  pulsatile  movements  within  it  are  reduced. 

The  pulsating  blood-stream  of  the  artery  now  flows  in  a  channel,  the  wall 
of  which  possesses  more  or  less  the  properties  of  a  rigid  tube.  This  involves 
an  increase  of  the  resistance  to  the  stream  which  must  not  be  undervalued. 
The  heart  is  at  first  able  to  overcome  this  by  strengthening  its  contraction. 
Gradually  the  thickness  of  the  wall  of  the  left  ventricle  becomes  considerably 
Increased,  but  the  increased  activity  required  of  the  heart  exposes  it  to  the 
danger  of  insufficiency  in  its  action.  This,  in  many  cases,  leads  to  a  fatal 
termination. 

The  above-named  causes  may  act  upon  the  capillaries  just  as  on  the  walls 
of  the  arteries  and  veins,  but  it  has  not  been  determined  whether  there  is 
any  alteration  in  the  elasticity  of  their  Avails,  although  this  has  been  assumed 
by  Kiiss.  There  is,  on  the  other  hand,  a  striking  increase  in  the  pernieahiliti/ 
of  the  capillary  Avails  in  many  cases.  Kiiss,  Samuel,  and  Cohnheim  have 
demonstrated  this,  both  in  the  phenomena  of  exudation  and  suppuration,  and 
in  local  venous  congestion — two  forms  of  local  disturbances  of  the  circulation 
which  Avill  be  considered  subsequently.  According  to  my  own  investigations, 
the  capillary  walls  are  rendered  more  permeable  by  acute  and  chronic  general 
diseases  of  the  heart  and  blood-vessels,  as  is  proved  by  the  occurrence  of  apparently 
spontaneojis  hemorrhages,  or  the  presence  of  serous  effusions. 

Spontaneous  haemorrhages  are  observed  as  acute  lesions  of  various  degrees 
of  severity  in  many  forms  of  poisoning  (phosphorus,  iodide  of  potassium) 
and  in  certain  infective  diseases  (septicsemia,  anthrax,  typhoid,  yellow  fever, 
plague,  etc.)  When  such  htemorrhages  have  a  chronic  character  they  are 
generally  associated  with  angiosclerosis.  As  a  matter  of  fact,  spontaneous 
hfemorrhages  are  to  be  regarded  as  amongst  the  first  indications  of  angio- 
sclerosis. It  is  usually  a  cerebral  haemorrhage  threatening  life  Avhich  leads 
to  the  physician  being  called  in  to  the  patient  suffering  from  angiosclerosis. 
In  other  cases  there  are  haemorrhages  in  the  retina,  or  frequently  recurring 
haemorrhages  from  the  nasal  mucous  membrane,  which  cause  danger  by  their 
severity,  profuse  menstrual  haemorrhages,  etc.,  Avhich  reveal  the  beginning  of 
the  disease.  In  two  cases  under  my  observation,  in  addition  to  multiple 
small  hsemorrhages  in  other  organs,  an  extensive  ecchymosis  into  the  pancreas 
occurred,  and  presumably  caused  death  through  an  injury  to  the  neighbouring 
sympathetic  nerve  plexus. 
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In  a  second  series  of  cases,  either  with  or  witliout  h?emorrhages,  extensive 
%eroxi$  effusions  into   various  parts  of   the  body  are   the   most  important    con- 
sequence of  the  increased  permeability  of  the  capillary  walls.      Robert  was  the 
first  to  show  that  some  poisons  can  produce  this  condition.     One  of  these  is 
found  in  the  flowers  and  leaves  of  the  false  acacia  (Fiobinia  pseudacacia)  ;  another 
is  paraphenylendiamin,  which  in  dogs  produces  oedema  of  the  skin  and  especially 
of  the  face.     Heidenhain  subsequently  demonstrated  a  similar  action  produced 
by  the  extract  of  the  muscles  of  crabs  and  other  animals  ;  and  acute  infections, 
such  as  scarlet  fever,  anthrax,  etc.,  are  very  frequently  followed  by  the  develop- 
ment of  serous  effusions  or  oedema.     We  are  here,  however,  chiefly  concerned 
Avith  chronic  disturbances  of  nutrition  and  of  metabolism.      (Edema  arises  in 
association  with  sclerosis  of  the  arteries  and  veins  (angiosclerosis).     The  oedema 
may  show  itself   as   a  travAient  and  shifting  cedema.     In  the  evening  there  is, 
regularly,  oedematous  swelling  of  the  feet,  which,  in  the  course  of  the  night, 
disappears    and    gives   place  to  an  o?dema  of    tlie   eyelids ;  the   latter    again 
disappears  during  the  day.     It  is  obviously  the  change  in  the  position  of  the 
body  which  causes  this  change  in  the  localisation  of  the  oedema.     The  pressure 
in  the  vessels  of  the  feet   and  of  the  face  changes  with  the  upright  and  the 
horizontal  positions  to  the  extent  of  several  centimetres  of  mercury.     When 
the  vessel  walls  are  abnormally  permeable,  this  is  sufficient  to  induce  a  transitory 
or  varying  oedema.     If  the  condition  progresses  the  oedema  of  the  lower  extremities^ 
first  tends  to  hecome peDiuinent.     It  then  extends  over  other  parts  of  the  body  and 
effusions  into  the  serous  cavities  take  place.     Either  mnUiple  oidemas  or  a  general 
oedema  of  the  tvhole  body  are  then  developed. 

Such  widely  spread  or  multiple  serous  effusions  involve  serious  danger  if 
they  distend  the  serous  cavities  of  the  thorax  and  abdomen  and  thereby  em- 
barrass the  respiration.  At  the  same  time  they  hinder  the  circulation  of  the 
blood  by  raising  the  pressure  in  the  tissues,  since  the  increase  of  the  tissue 
pressure  compresses  and  narrows  the  capillaries ;  the  demands  on  the  pro- 
pulsive power  of  the  heart  increase.  The  left  ventricle  works  harder,  and,  in 
course  of  time,  its  muscular  wall  increases,  but  ultimately  tlie  heart,  especially 
when  the  arteries  are  diseased  at  the  same  time  and  make  special  demands 
upon  it,  is  no  longer  able  to  overcome  the  additional  resistance  to  the  blood- 
stream. The  working  power  of  the  heart  is  insufficient,  and  death,  sooner  or 
later,  closes  the  scene.      (Compare  the  section  on  CEdema  and  Exudations.) 
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III.   General  Disturbances  of  the  Circulation  caused  by  an  Abnormal  Condition 

of  the  Circulating  Fluids 

The  third  great  group  of  general  disturbances  of  the  circulation  embraces 
those  which  are  caused  by  an  abnormal  condition  of  the  blood  and  of  the  circu- 
lating fluids.  The  first  to  be  considered  are  those  disturbances  which  are  pro- 
duced by  foreign  substances  in  the  blood,  especially  chemical  and  infective 
poisons.  These  have  already  been  discussed  in  their  general  outlines,  however, 
and  it  is  chiefly  those  conditions  which  have  been  termed  anaemia,  oligsemia, 
hydremia,  plethora,  anhydra^mia,  etc.,  Avhich  remain  to  be  considered. 

The  expression  ansemia  originally  implied  a  diminished  amount  of  blood  in 
the  circulation,  and  local  ancemia  or  ischcemia  (which  will  be  more  fully  con- 
sidered under  the  local  disturbances  of  circulation)  and  general  ancemia  were 
distinguished.  The  latter  was  originally  regarded  as  a  diminution  of  the  total 
quantity  of  blood  in  the  body.  It  is,  however,  a  very  difficult  matter  to 
estimate  the  total  (juantity  of  blood  ;  the  methods  which  have  been  recom- 
mended for  man  during  life  can  only  be  applied  in  exceptional  cases  and  are 
always  very  inexact.  Many  of  the  results  given  depend,  therefore,  upon  very 
arbitrary  estimations,  still  the  pathologist  at  least  can  assure  himself  at  the 
2)o4-mortcm  table  that  the  amount  of  blood  in  different  bodies  shows  great 
variations. 

General  anaemia  is  always  accompanied  by  alterations  of  the  chemical 
composition  and  the  amount  of  cells  contained  in  the  blood.  This  can  be  most 
easily  demonstrated  in  cases  of  anaemia  which  result  from  great  loss  of  blood, 
but  is  also  found  in  forms  of  this  disease  which  arise  spontaneously ;  and  it  is 
necessary,  therefore,  to  give  a  more  definite  description  of  the  details  of  the 
disturbance.  Two  forms  can  be  differentiated  :  oligcemia,  or  diminution  in  the 
volume  of  the  blood  in  cirrulafion,  and  oU'joci/fha'mia,  a  diriiinutiov  in  the  nvmher  of 
cells  contained  in  the  unit  volume  of  Mood  (one  cubic  millimetre).  This  diminu- 
tion of  the  cells  contained  in  a  cubic  millimetre  of  blood  chiefly  aff'ects  the  red 
corpuscles  (oligocythemia  rubrct),  and  is  always  associated  with  diminution  in  the 
amount  of  the  hcemoghMn  in  the  blood.  Still,  the  diminution  in  the  number  of  the 
red  corpuscles  in  a  cubic  millimetre  of  blood  is  only  occasionally  in  proportion 
to  the  diminution  in  the  amount  of  haemoglobin,  as  in  many  cases  of  oligo- 
cythsemia,  for  example,  which  are  due  to  deficient  nutrition  and  unfavourable 
hygienic  conditions  in  otherwise  healthy  persons.  Sometimes  the  amount  of 
hc'emoglobin  decreases  more  rapidly  than  the  number  of  the  cells,  as,  for  example, 
in  chlorosis  and  syphilis,  while  in  pernicious  ansemia  the  reverse  is  often  the  case. 

As  a  rule,  oligocythsemia  rubra  is  associated  with  an  increase  in  the  number 
of  white  corpuscles  contained  in  a  cubic  millimetre  of  blood  (leucocytosis). 
These  are  conditions  which  must  subsequently  be  considered  in  greater  detail, 
more  especially  since  they  are  of  very  great  practical  importance  for  the 
physician,  and  because  the  circulatory  disturbances  which  they  produce  are  of 
great  general  interest. 

The  term  h/fchremia  has  been  applied  to  several  conditions  in  the  same 
loose  manner  as  the  term  general  anaemia.  The  name  is  usually  applied 
to  an  increase  in  the  amount  of  water  in  the  blood  ;  but  it  has  also  been 
employed  to  indicate  an  increase  in  the  amount  of  water  and  a  diminution  in 
the  albumens  of  the  blood  plasma,  and  in  many  cases  the  term  hydrsemia  is 
used  to  express  an  increase  in  the  blood  plasma  alone.  However,  it  seems 
premature  to  attempt  a  thorough  revision  of  the  terminology  in  this  respect, 
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since  it  is  only  a  short  time  ago  that  the  chemical  analysis  of  the  blood  has 
been  so  far  perfected  by  A.  Schmidt  that  the  separate  investigation  of  the  cells 
and  of  the  plasma  by  chemical  methods  has  become  possible. 

Accordingly  the  distinction  of  luipalhuminosis,  diminution  of  the  amount  of 
albumen  in  the  blood,  and  hyperalhuininods,  increase  in  the  amount  of  albumen 
in  the  blood,  has  proved  of  no  practical  value  for  the  study  of  disturbances  of 
the  circulation.  The  same  is  true  of  hj/perinosis  and  hypinosis,  the  increase  and 
diminution  of  fibrinogen.  As  a  matter  of  fact,  the  amount  of  fibrinogen  in  the 
blood  is  estimated  by  very  inaccurate  methods,  mostly  according  to  the  greater 
or  less  rapidity  of  coagulation  of  blood  that  has  escaped  from  the  vessels,  and 
according  to  the  greater  or  less  firmness  of  the  product  of  coagulation,  the 
blood-clot. 

There  can  be  no  doubt  that  in  many  diseases  the  blood  undergoes  manifold 
alterations  in  its  composition,  and  that  these  alterations  greatly  influence  the 
circulation.  The  results  hitherto  obtained,  however  important  they  may  be  for 
the  special  consideration  of  the  individual  forms  of  the  disease,  do  not  warrant 
us  in  coming  to  any  general  conclusions.  Perhaps  such  a  generalisation  will  be 
possible  when  the  composition  of  the  albumen  molecule,  which  has  already  been 
so  far  determined  by  the  investigations  of  Kiihne  and  Nenski,  becomes  more 
exactly  known,  for  this  building  up  of  the  albumen  molecule  goes  on  unceasingly 
in  the  human  body,  and  the  blood  is  continually  receiving  the  products  of  its 
destruction  in  order  to  convey  them  to  the  excretorj^  organs.  These  processes 
will  become  of  the  srreatest  interest  for  the  disturbances  of  the  circulation, 
Avhen  the  action  of  the  products  of  destruction  on  the  heart,  the  vessel  walls, 
and  upon  the  nervous  centres  which  preside  over  the  circulation  are  more 
exactly  investigated. 

In  opposition  to  anaemia  shiiuls  polycemia,  repletio  ox  i)letliora,  or  increase  in 
the  total  amount  of  blood  in  circulation.  Two  forms  have  been  distinguished. 
Plethora  vera  indicates  an  increase  of  the  total  amount  of  blood,  its  composition 
being  fairly  normal.  It  cannot  be  said  that  the  occurrence  of  a  plethora  vera 
has  ever  been  demonstrated.  Yerv  striking  differences  in  the  amount  of  blood 
in  different  individuals  are  met  with,  however,  on  the  pod-morterii  table,  and  in 
many  cases  of  disease  of  the  circulatory  apparatus  the  existence  of  a  plethora 
vera  is  very  strongly  suggested.  The  investigations  of  Worm  Midler  show 
that  a  healthy  vascular  system  becomes  accommodated  to  an  increase  in  the 
amount  of  blood  without  any  very  great  rise  in  the  arterial  pressure.  But  in 
experiments  the  amount  of  blood  can  be  only  temporarily  increased,  since  the 
excess  of  blood  is  rapidly  used  up  within  the  body.  In  diseased  conditions  of 
the  vascular  system,  however,  the  conditions  are  not  so  simple.  Arteries  and 
veins,  in  consequence  of  diseases  of  the  vascular  walls,  are  often  dilated  to  such 
a  degree  that  we  are  obliged  to  assume  that  there  is  a  permanent  increase  in 
the  total  amount  of  blood.  If  the  cellular  elements  of  the  blood  are  not  at  the 
same  time  really  abnormal,  and  such  cases  occur  frequently  enough,  plethora 
vera  is  very  probable.  It  must  then  be  defined  as  an  increase  in  the  total 
volume  of  the  blood,  the  amount  of  cells  being  almost  normal. 

The  term  hydrcemic  p)letlwra  is  used  to  indicate  an  increase  in  the  total 
amount  of  blood  which  depends  principally  upon  an  increase  in  the  amount  of 
water  in  the  blood,  and  upon  an  increased  amount  of  the  blood  plasma.  It  is 
only  possible  to  increase  the  amount  of  water  of  the  blood  jilasma,  and  at  the 
same  time  to  preserve  the  red  blood  corpuscles  unaltered,  if  there  is  a 
corresponding  increase  of  the  salts  in  the  blood  plasma.  A  large  number 
of  the  red  blood  corpuscles  become  dissolved  if  it  is  only  the  amount  of  water 
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of   the   plasma   which   is    increased,  as    by   an    injection    of    water    into    the 
blood. 

Hydrtemic  plethora  has  been  very  thoroughly  Avorked  up  experimentally 
both  long  ago  and  more  recently,  and  will  be  more  carefully  studied  in  the 
consideration  of  oedema.  In  man  there  is  not  infrequently  retention  of  Avater 
from  diminution  of  the  secretion  of  the  kidneys.  There  is,  however,  in  one 
class  of  these  cases  an  increase  in  the  permeability  of  the  capillaries  of  the 
whole  body  which  accompanies  pathological  structural  alterations  of  the  kidney. 
The  daily  excretion  of  water  by  the  kidneys  diminishes,  and  there  follows,  first, 
an  increase  in  the  blood  plasma  through  a  hydrsemic  plethora,  or  better, 
plasmatic  plethora.  This  leads  to  an  accumulation  of  lymph  in  the  tissues  : 
firstly,  because  the  capillaries  of  the  whole  body  are  more  permeable  than 
normally ;  secondly,  because  the  plasmatic  plethora  is  associated  with  an  over- 
filling of  the  venous  system,  which  hinders  the  escape  of  the  lymph  from  the 
great  lymphatic  trunks  into  the  veins.  Therefore  the  phenomena  of  dropsy  or 
oedema  of  the  tissues  follow. 

In  a  second  class  of  cases  a  general  venous  engorgement  is  the  cause  of  the 
development  of  hydrsemic  plethora.  The  rise  in  pressure  in  the  veins  in  the 
systemic  circulation  produces  also  a  stagnation  of  the  lymph  and  a  diminution 
of  the  secretion  of  urine.  Here  the  vessel  walls  are  not  at  first  diseased,  but 
the  insufficiency  of  the  heart-muscle  is  the  mechanical  cause  of  the  retention  of 
water  and  the  accumulation  of  the  lymph,  hydrsemic  plethora  with  all  its 
consequences. 

In  both  sets  of  cases  the  circulatory  disturbance  passes  beyond  the  limits 
of  the  vascular  system  into  the  connective  tissue  spaces  and  lymph -vessels. 
We  are  reminded  in  a  very  striking  manner  that  the  latter  form  a  diverticulum 
of  the  vascular  system  and  play  an  important  part  in  many  disturbances.  One 
may  regard  the  above-described  changes  as  an  increase  in  the  total  circulating 
fluids  of  the  body,  as  a  general  pldJwra,  in  opposition  to  the  earlier  described 
forms  which  might  be  termed  vascular  pletJwra,  and  by  the  side  of  which  one  may 
place  the  hjinphatic  ■plethora,  which  is  an  over-distension  of  the  connective  tissue 
spaces  and  lymphatics,  in  such  a  way  that  the  general  j^lethora  presents 
sometimes  the  character  of  a  true  vascular  or  hydrcemic  plethora,  sometimes 
rather  the  properties  of  a  hjrnpliatk  plethora.  The  manifold  relations  between 
the  blood  and  the  lymph  may  render  the  occurrence  of  pure  forms  of  vascular 
and  lymphatic  plethora  very  rare,  so  that  in  the  various  cases  both  forms 
are  present,  although  one  or  other  may  preponderate. 

In  contrast  to  hydremia  stands  avhydra'mia,  or  the  diminution  of  the  water 
of  the  blood.  This  term  also  includes  a  series  of  disturbances  of  diff"erent 
kinds.  If  a  5  per  cent  solution  of  salt  is  introduced  into  the  blood-vessels  of 
a  frog,  there  arises  among  other  conditions  an  opacity  of  the  lens  (cataract),  as 
Kunde  showed,  manifestly  because  the  excessive  amount  of  salt  in  the  blood 
removes  water  from  the  tissues  and  the  lens.  In  this  experiment  the  most 
important  factor  is  the  increase  of  the  amount  of  salt  in  the  blood,  although 
the  amount  of  water  in  the  blood  has,  at  the  same  time,  also  become  increased, 
though  certainly  not  to  such  a  great  extent  (relative  anhydraemia). 

An  altogether  different  result,  although  it  may  also  be  regarded  as 
anhydrsemia,  follows,  if  a  strong  solution  of  salt  is  injected  into  the  peritoneal 
cavity.  In  this  experiment,  which  can  be  also  carried  out  in  warm-blooded 
animals  (Wegner),  such  a  large  quantity  of  w\ater  diffuses  out  of  the  blood- 
vessels of  the  peritoneum  into  the  peritoneal  cavity  that  the  blood  becomes 
viscid.     In  this  case,  in  addition  to  the  reduction  of  the  amount  of  w^ater  in 
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the  blood,  the  amount  of  its  saline  constituents  is  increased.  The  changes 
which  are  thereby  induced  in  the  blood-stream  can  be  easily  comprehended,  if 
we  remember  that  by  the  above-mentioned  experiment  the  blood  loses  its 
plasma.  Its  viscid  consistence  increases  the  frictional  resistance,  so  that 
smaller  quantities  of  blood  will  now  flow  through  a  transverse  section  of  a 
vessel  in  the  same  space  of  time.  At  the  same  time,  as  a  further  result,  there 
is  a  diminution  of  secretion  in  the  glands.  I  have  shown  that  under  such 
conditions  the  white  blood  corpuscles  lose  their  amceboid  movements.  The 
important  rt)le  which  these  amieboid  movements  of  the  leucocytes  play  in  the 
formation  of  pus  and  exudation  will  be  examined  subsequently.  In  the  mean- 
time, unfortunately,  no  one  has  attempted  to  influence  exudation  experimentally 
in  man  by  such  infusions  of  salt,  although  such  experiments  easily  succeed  with 
frogs.  The  best  known  anhydraemias  in  man  agree  in  many  points  with  the 
above-mentioned  experiments.  They  arise,  as  a  rule,  after  profuse  watery 
diarrhoeas,  such  as  are  observed  in  many  severe  catarrhs  of  the  bowel,  and  in 
cholera.  The  loss  of  fluid  constituents  from  the  blood  is  shown  by  a  small 
pulse,  a  fall  of  the  surface  temperature,  a  purple  cyanotic  colour  of  the 
skin,  and  by  diminution  of  the  secretions,  particularly  of  the  urine  and  the 
saliva.  The  cyanotic  colour  and  the  cooling  of  the  skin  must  be  looked  upon 
as  consequences  of  a  retardation  of  the  circulation.  In  severe  cases  many 
other  signs  are  added,  but  these  perhaps  are  more  dependent  upon  the 
absorption  of  poisonous  products  of  decomposition  from  the  abnormal  contents 
of  the  bowel.  A  falling  in  and  a  shrivelled  appearance  of  the  skin  are  the 
only  things  which  point  with  certainty  in  such  cases  to  a  diminution  in  the 
total  amount  of  the  circulating  fluids. 
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1.  Physical  Examination  of  the  Blood.     Enumeration  of  the  Blood  Corpuscles  and 

Allied  Methods 

The  incompleteness  of  the  chemical  investigation  of  the  blood  has  led  to 
the  careful  development  of  the  physical  examination.  The  results  thereby 
obtained  are  of  as  great  importance  for  the  study  of  circulatory  disturbances  as 
for  medical  practice,  so  that  the  mo.st  important  methods  and  facts  must  be 
mentioned  here. 

The  specific  gravitij  of  the  blood  is  determined  readily  with  the  aid  of  the 
picnometer.  For  this  purpose,  a  capillary  tube  of  glass  recently  drawn  through 
the  glass-blower's  lamp,  and  of  about  10  centimetres  in  length,  and  O'o  to  2 
millimetres  in  diameter,  is  employed.  The  ends  of  this  tube  (Fig.  167)  are 
pointed  by  being  repeatedly  drawn  out  in  the  flame,  and  are  cut  off  trans- 
versely with  the  aid  of  a  file.  By  means  of  a  fine  chemical  balance  the  tube  is 
weighed,  first  empty,  then  when  filled  with  blood,  and  a  third  time,  when  filled 
with  distilled  water.  The  weight  of  the  blood  thus  found  is  then  divided  by 
the  weight  of  the  water,  and  the  specific  gravity  of  the  blood  is  thus  obtained. 
This  method,  which  is  generally  ascribed  to  Schmaltz,  was  devised  by  myself 
in  all  its  details,  and  first  published  by  my  pupil  Hiinerfauth.  It  is  to  be 
recommended,  because  it  requires  only  small  quantities  of  blood. 

In  adults  the  specific  weight  of  the  blood  varies  between  1"045  and  1'066 
(Landois  and  Lloyd  Jones),  the  blood  of  men  being  somewhat  heavier  than 
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that  of  women.  Many  disturbances  of  nutrition,  such  as  chlorosis,  puhnonary 
tuberculosis  and  carcinoma,  diminish  the  specific  gravity  of  the  blood.  Other 
diseases,  such  as  typhoid  fever,  appear  to  increase  its  specific  gravity. 

The  amount  of  hcemoglobin  in  the  blood  may  be  tested  by  various  methods. 
Very  exact  results  may  be  obtained  by  means  of  the  spectro-photometer  of 
Vierordt,  Hiifner,  and  Glan.  For  practical  purposes  the  hremometer  of  Fleischl 
is  to  be  recommended.  The  blood  is  diluted  in  known  proportions  Avith  water, 
and  the  colour  of  the  solution  of  hemoglobin  so  produced  is  compared  with  the 
colour  of  a  wedge-shaped,  polished  plate  of  red  glass.  In  consequence 
of  its  varying  thickness  the  latter  appears  of  different  depths  of  colour 
in  different  parts.  A  place  can  therefore  be  found  on  the  wedge- 
shaped  plate  which  will  appear  exactly  the  same  colour  as  the 
blood  solution,  and  the  amount  of  haemoglobin  is  immediately  read 
off  on  a  scale  in  percentage  of  the  normal.  If  the  constant  errors 
that  depend  on  the  instrument,  and  which  are  sometimes  fairly  con- 
siderable, be  previously  determined,  the  hsemometer  may  generally 
be  perfectly  sufficient  for  the  physician's  purpose.  The  errors  are 
discovered  in  a  very  simple  way  by  examining  the  blood  of  a  series 
of  healthy  individuals  in  various  degrees  of  dilution.  It  is  remarked 
that,  for  example,  the  results  of  a  particular  apparatus  in  healthy 
people  vary  between  93  and  97  per  cent  of  hajraoglobin  instead  of 
standing  at  100  per  cent.  It  will  thus  be  necessary  to  correct  a 
constant  error  of  5  per  cent  in  reading  normal  blood  tests.  If  the 
blood  of  healthy  people  is  diluted  in  known  ^proportions,  the  cor- 
responding corrections  will  of  course  be  required  in  investigating 
blood  which  is  poor  in  haemoglobin. 

The  number  of  red  and  white  corpuscles  in  a  cubic  millimetre  of 
blood  is  determined  by  simple  enumeration.  For  this  purpose  the 
blood  is  diluted  in  the  proportion  of  1  to  100  or  1  to  200  with  a  3 
per  cent  solution  of  salt,  or  with  other  similar  fluids  which  do  not 
affect  the  cells.  A  specimen  is  taken  from  the  diluted  fluid,  accurately 
measured,  and  the  corpuscles  then  counted.  For  practical  purposes 
the  apparatus  which  I  have  devised  by  improving  that  of  Gowers 
and  Malassez  may  be  used.  It  is  manufactured  in  an  exceedingly 
accurate  manner  and  sold  by  Zeiss  in  Jena.  An  investigation 
undertaken  by  Lyon  and  myself  showed  that  the  constant  errors  of 
this  apparatus  are  so  small  that  they  practically  do  not  need  to  be 
taken  into  account,  while  the  variable  errors  do  not  surpass  the 
amount  Avhich,  as  Abbe  has  shown,  are  unavoidable  from  the  nature  \ 

of  the  observation.  p  .      ,„ 

In  counting  the  white  blood  corpuscles  it  is  better  to  dissolve  Thomas pic- 
the  red  corpuscles  first  by  diluting  the  blood  with  a  one-third  per  cent  "ometer. 
solution  of  glacial  acetic  acid  instead  of  saline  solution.  In  this  case  ^'^^^^^^  *"^*'- 
a  dilution  in  the  proportion  of  1  to  10  is  sufficient,  so  that  there  may  be 
in  the  field  of  the  microscope  a  sufficient  number  of  cells  to  enable  the 
enumeration  to  be  quickly  performed.  With  regard  to  the  details  of  this  pro- 
cess I  may  refer  to  my  papers  quoted  at  the  end  of  this  section. 

In  the  blood  of  adult  healthy  persons  there  are  from  five  to  six  millions  of 
red  blood  corpuscles  in  the  cubic  millimetre  ;  in  women  about  five  millions,  and 
in  men  about  5  "5.  Larger  numbers  are  more  rare.  On  the  other  hand,  the 
blood  of  newly-born  children  is  somewhat  richer  in  cells.  In  this  case  the 
number  of  the  corpuscles  not  infrequently  rises  above  six  millions. 
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On  the  other  hand,  the  cubic  millimetre  of  blood  contains  from  5000  to 
10,000  white  corpuscles.  These  show  great  variation  in  their  number.  After 
meals  they  are  more  numerous  ;  during  long  fasting  their  number  falls.  When 
the  general  health  is  good  the  number  of  white  corpuscles  seems  to  be  higher. 
The  blood  of  newly-born  children  and  pregnant  women  is  very  rich  in  white 
cells,  as  many  as  12,000  or  13,000  in  the  cubic  millimetre  being  sometimes 
found. 

The  measiirinr/  of  the  red  cwpuscles  is  more  difficult  than  might  be  thought  at 
first.  Although  I  had  previously  recommended  that  the  cells  should  be  measured 
in  freshly-drawn  blood  without  allowing  any  evaporation,  I  now  incline  to  the 
opinion  that  it  is  more  practicable  to  carry  out  the  so-called  dry  method 
according  to  the  process  of  Laache.  A  freshly-di'awn  drop  of  blood  is  rapidly 
spread  on  a  cover-glass  in  a  very  thin  layer,  so  that  it  quickly  dries.  The  cells 
in  this  case  lie  widely  enough  removed  from  one  another  to  permit  of  an  exact 
measurement.  A  highly  magnifying  object-glass  must  be  used.  I  employed 
for  this  purpose  the  apochromatic  homogeneous  immersion  lens  of  -^  by  Zeiss  in 
Jena,  and  a  so-called  movable  eye-piece  micrometer.  It  is,  however,  desirable 
so  to  arrange  the  length  of  the  tube  for  the  microscope  that  one  division  of  the 
micrometer  indicates  exactly  O'OOl  of  a  millimetre.  The  result  can  then  be 
read  off  in  half  micros.  Tt  does  not  seem  to  be  possible  to  attain  really  greater 
accuracy.  As  it  is,  it  is  difficult  to  be  perfectly  accurate  in  the  reading.  By 
2)reviously  drying  the  blood  the  reading  is  rendered  much  easier,  because  all 
movement  of  the  blood  upon  the  slide  has  stopped,  and  thus  any  considerable 
error  of  reading  can  be  avoided. 

With  both  the  moist  and  the  dry  method  the  size  of  the  red  blood 
corpuscles  shows  considerable  variations,  even  in  healthy  blood.  Hayem  and 
Gram  distinguished,  accordingly,  small,  medium,  and  large  red  blood  corpuscles. 
This  distinction  does  not  appear  to  me,  however,  to  be  a  good  one,  since  it 
conveys  the  idea  that  these  groups  are  sharply  marked  off  from  each  other. 
This  is  not  the  case.  As  I  had  already  shown,  several  years  before  the 
appearance  of  the  investigations  of  these  observers,  every  transition  be- 
tween the  various  forms  is  found,  and  these  group  themselves  round  a  mean 
size,  in  the  same  way  as  the  general  conditions  of  weight  and  height  of  the 
human  body.  I  find  by  repeated  dry  measurements  of  my  own  blood  that  in 
100  observations  the  diameter  of  the  red  corpuscles  is  as  follows  : — 

1         .  .  .  .  b  fx 

1         .  .  .  .  6  „ 

27         .  .  .  .  7  „ 

60         .  .  .  .         8  „ 

11  .  .  .  .  9  „ 

This  series  gives  an  excellent  idea  of  the  actual  conditions.  If  the 
arithmetical  means  of  all  these  observations  are  calculated,  this  gives  the  value 
of  the  average  as  7 '8,  and  the  probable  amount  of  the  individual  variations, 
according  to  the  principles  mentioned  in  the  introduction,  amount  to  about 
0"46.  The  so-called  moist  measurement  of  the  same  blood  gives  a  somewhat 
higher  mean  average,  8*0  /x,  but  otherwise  it  leads  to  the  same  results.  In 
many  severe  forms  of  disease  these  results  become  altered,  so  that,  in  addition 
to  red  cells  of  normal  size,  we  also  find  abnormally  large  and  abnormally  small 
cells ;  1 0  to  1 4  /y,  on  the  one  hand,  and  2  to  4  /i,  on  the  other — macrocytes  and 
microcytes. 

In  other  cases  these  extreme  values  are  absent,  and  the  smaller  cell-forms  of 
the  normal  blood  are,  however,  found  in  disproportionately  large  numbers.     It 
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is,  however,  of  no  particular  interest  whether  average  numbers  are  found  or 
not ;  it  may  even  appear  questionable  if  such  a  proceeding  is  justifiable,  since 
this  always  assumes  that  the  observations  were  arranged  round  a  given  mean 
number  in  the  same  way  as  the  above-mentioned  series. 

To  complete  the  investigation  it  is  finally  necessary  to  stain  the  red  cells 
artificially.  Ehrlich  distinguishes  colouring  matters  in  which  the  staining  part 
is  an  acid  or  a  base,  or  a  combination  of  an  acid  with  u 
base — acid,  basic,  and  neutral  stains. 

The  acid  stains  are  :  picrate  of  ammonia,  fluorescein, 
chrysolin,  orange,  indulin,  nigrosin,  aurantia,  methyleosin, 
eosin. 

Among  the  basic  stains  may  be  mentioned  acetate  of 
rosanilin  or  f uchsin,  methylene-blue,  methyl-green,  bismarck 
brown,  safFranin. 

Among  the  neutral  stains  may  be  mentioned  picrate  of 
rosanilin  in  addition  to  combinations  of  the  above. 

If  a  layer  of  blood  has  been  dried  on  a  cover-glass  and 
heated  from  120''  to  130°  C.  and  stained  with  these  dyes 
or  with  mixtures  of  them,  peculiarities  can  be  shown  in 
the  white,  and  sometimes  in  the  red,  cells  of  the  blood 
(nucleated  red  blood  corpuscles  of  various  sizes)  which  in 
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normal  blood  enable   us  to   distinguish  various  forms  of 
white  corpuscles.     These  are  (Fig.  168)  as  follows: — 

(1)  Malthiucleatcd  leurocijtei<  form  the  majority  of  the 
white  corpuscles ;  they  contain  from  two  to  four,  mostly 
four,  nuclei,  and  are  larger  than  the  red  corpuscles. 

(2)  Large  nninudeatcil  leitcon/fe^i  (large  lymphocytes) ; 
these  are  larger  than  the  red  corpuscles. 

(.3)  Siimll  uniimcleated  leucocytes  (small  lymphocytes), 
about  the  size  of  red  coi'puscles.  The  relatively  large 
nucleus  is  surrounded  by  a  narrow  rim  of  protoplasm. 

(4)  Tnindtional  formx  with  lobed  and  irregularly  formed 
nuclei.  In  the  protoplasm  of  these  cells  finer  or  coarser 
granules  are  frequently  found. 

Neutrophile  granules  (e-granulation,  Ehrlich),  which 
readily  take  up  neutral  colouring  matters.  These  are 
found  very  frequently  both  in  the  uninucleated  and  in  the 
nmltinucleated  leucocytes.  In  the  same  manner  the  tran- 
sitional forms  are  preferred  by  the  neutrophile  granules. 
They  are  also  observed  in  pus  cells.  The  granules  are 
always  very  fine. 

Eosinophile  granules  (a -granulation,  Ehrlich)  are  not 
so  common  in  normal  blood,  but  are  present  in  consider- 
able numbers  in  manj'  diseases  and  especially  in  leukaemia. 
Still  a  few  are  regularly  present  in  normal  blood,  in  the 
large  uninucleated,  binucleated,  and  multinucleated  ceils,  which  appear  highly 
granular  even  without  staining. 

Ehrlich  distinguishes  further  a  j8-granulation  which  is  stained  in  acid  and 
basic  stains,  and  a  y-granulation  which  takes  up  basic  stains  {mast  cells). 

A  third  constituent  of  the  blood,  the  blood  platelets,  still  remains  to  be 
mentioned.  These  were  undoubtedly  first  seen  by  Zimmermann,  Kolliker, 
Schultze,  and  others,  but  Hayem  and  Bizzozero  were  the  first  to  study  them 


Fig.  168. — Blood  corpuscles 
from  human  blood,  en- 
larged 1200  times,  a,  Red 
corpuscle  of  medium  size ; 
6,  multinucleated  leuco- 
cyte; c,  multinucleated 
leucocyte,  with  eosino- 
phile granules ;  </,  large 
uninucleated  leucocyte, 
with  eosinophile  granules ; 
c,  small  uninucleated  leu- 
cocyte (lymphocyte) ;  /, 
transitional  form. 
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carefully,  and  Laker  and  Bizzozero  ultimately  succeeded  in  demonstrating  in 
the  wing  of  the  bat  that  they  are  certainly  present  in  the  normal  circulating 
blood.  They  are  rounded  or  oval  flat  structures,  devoid  of  haemoglobin,  and 
very  much   smaller  than  the   blood-cells   (Fig.   169).      They  can   be   readily 

stained  with  aniline  dyes,  but  the  stain  is  very  evanescent. 
In  blood  removed  from  the  vessels  they  frequently  become 
grouped  together  into  small  heaps. 

Bizzozero  has  given  a  method  of  counting  these  struc- 
tures which  seems  to  be  very  pi^actical.     He  first  determines 
the   number    of    red   corpuscles  in  each   cubic  millimetre 
Fig.  169.  —  Blood  plates   of  blood,  then  he  puts  a  frcshly  removed  drop  of  blood 
and  blood  corpuscles  from   j^^^  2  centimetres  of  a   14  per  cent  solution  of  sulphate 

Imman  blood,  xl200.  .  ^  ^1  •  •    ^  •     •      i     i     i  i     / 

01  magnesia.  A  drop  or  this  mixture  is  included  between 
the  slide  and  the  cover-glass,  and  in  this  preparation  the  relative  number  of 
the  red  blood  corpuscles  and  the  blood  plate  is  determined.  Finally,  there 
is  a  simple  calculation  of  the  number  of  blood  plates  in  the  cubic  millimetre 
of  blood.  It  amounts  in  healthy  people  to  about  200,000  to  500,000.  In 
many  morbid  conditions,  such  as  anaemia  and  leukiemia,  this  number  becomes 
increased ;  in  other  cases  it  is  diminished. 
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2.  Polycythsemia,  Oligocythsemia,  and  Leucocytosis.     Leuksemia 

The  term  polycytlwmia  is  applied  when  there  is  increase  of  the  number  of 
red  corpuscles  contained  in  a  cubic  millimetre  of  blood.  It  is  brought  about 
by  conditions  which  result  from  loss  of  blood  plasma,  e.g.  by  continued  mal- 
nutrition, or  by  loss  of  fluid  through  the  intestine,  as  in  intestinal  catarrh, 
cholera,  and  dysentery.  It  has  been  shown  by  Taussig  that  in  serious  cases  of 
phosphorus  poisoning  in  man  there  is  considerable  polycytha?mia  (8,650,000 
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red  blood  corpuscles  in  a  cubic  millimetre),  and  that,  at  the  same  time,  the 
number  of  white  cells  in  the  cubic  millimetre  is  diminished,  so  much  so  in 
some  cases  that  it  is  much  below  the  normal  limit,  being  as  low  as  2600. 

Oligocf/thceiiiia  ruhiv,  or  diminution  of  the  number  of  red  corpuscles  in  the 
cubic  millimetre  of  blood,  is  generally  called  ancemia  by  clinicians,  for  the  sake 
of  brevity.  Primary  ancemia  and  secondary  ancemia  have  been  distinguished 
according  as  the  condition  originates  in  the  blood,  or  in  the  organs.  Practical 
application  of  this  distinction  is,  however,  very  difficult.  In  almost  all,  or 
perhaps  in  all  cases,  pathological  changes  are  found  in  oligocythtemia,  in  the 
form  of  proliferation  of  the  cells  in  the  blood-forming  organs.  It  cannot 
always  be  definitely  decided  whether  these  are  regenerative  phenomena, 
secondary  to  the  changes  in  the  blood,  or  whether  they  are  the  cause  of  the 
changes  in  the  blood.  The  same  dirticulty  may  arise  when  there  are 
degenerative  processes  in  severe  oligocythsemia,  such  as  fatty  and  albuminous 
degeneration  in  the  parenchyma  of  the  liver,  the  kidneys,  the  heart-muscle,  and 
other  organs.  The  distinction  between  primary  and  secondary  anaemia  is, 
therefore,  only  of  very  limited  value.  It  would  seem  to  be  more  important 
to  classify  the  various  groups  of  oligocythaemia,  according  to  their  mode  of 
causation. 

Oli(jocyth(i:miit  tranniatica  or  nligurythcemia  after  hcemorrharje.  It  can  be  easily 
understood  that  this  form  was  known  even  in  the  early  days  of  medicine,  but 
Remak  and  Vierordt  were  the  first  to  investigate  it  by  comparatively  exact 
methods.  The  enumeration  of  the  blood  corpuscles,  carried  out  by  Hiinerfauth 
and  Lyon,  together  with  the  researches  of  Buntzen,  which  were  published 
simultaneously,  were  the  first  to  give  accurate  data  as  to  the  changes  in  the 
blood.  During  a  severe  haemorrhage  it  can  be  clearly  demonstrated  that  the 
number  of  red  corpuscles  per  cubic  millimetre  is  reduced  by  5  to  15  per  cent, 
and  this  can  only  be  explained  by  a  great  transudation  of  fluids  from  the 
tissues  into  the  blood.  After  arrest  of  the  haemorrhage  the  proportion  of  cells 
in  the  Ijlood  undergoes  further  changes.  In  man,  the  number  of  red  cells  con- 
tinues to  diminish  for  the  first  three  to  five  days  after  serious  haemorrhages  until 
they  are  reduced  to  2,600,000 — that  is,  one  half  the  normal  number.  After 
this  period,  however,  signs  of  regeneration  appear,  the  number  of  red  cells 
begins  to  increase,  and,  after  a  few  more  days,  three  weeks  at  the  most  after 
the  haemorrhage,  the  normal  condition  is  re-established. 

The  behaviour  of  the  white  corpuscles  of  the  blood  is  essentially  difierent. 
These  begin  to  increase  during  haemorrhage  or  immediately  afterwards,  so  that 
leucocytosis  occurs,  and  continues  for  several  daj^s.  The  number  of  leucocytes 
may  exceed  40,000  per  cubic  millimetre. 

In  traumatic  anaemia  it  is  the  diminution  in  the  quantity  of  the  blood  in 
circulation  which  is  the  cause  of  the  occurrence  of  oligocythaemia  rubra  and 
leucocytosis.  The  manner  in  which  the  blood-pressure  changes,  and  the  relations 
this  may  have  to  the  oligocythaemia,  Avill  be  mentioned  when  haemorrhage  is 
more  fully  considered  (Chap.  X.)  The  non-traumatic  oligocythaemias  appear 
as  the  expression  of  general  nutritive  disturbance,  as  contrasted  with  traumatic 
anaemia.  The  causes  of  this  condition  are  very  various.  The  first  to  be 
mentioned  are  acute  and  chronic  infections  (malaria,  typhoid,  syphilis,  etc.), 
parasites  (bothriocephalus  latus,  distoma  hcematobium,  anhjlostoma  duodenale, 
filaria  sanguinis,  etc.),  intoxications  (lead,  arsenic).  In  other  cases,  diseases 
of  the  vital  organs,  kidneys,  intestines,  etc.,  disturb  the  general  nutrition 
and  produce  oligocythaemia.  Finally,  there  remain  a  number  of  patho- 
logical   disturbances    of    general    nutrition    which    are    less    simple    in    their 
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etiology,  but,  at  the  same  time,  are  of  great  importance.  These  are  the 
diseases  which  have  been  termed  primary  anaemias,  but  without  sufficient 
grounds ;  they  are  chlorosis,  simple  (primary)  antemia,  and  progressive 
pernicious  anaemia. 

Chlorosis  is  a  form  of  oligocythi:emia  which  occurs  chiefly,  although  not 
exclusively,  in  the  female  sex  during  and  immediately  after  puberty,  but  which 
is  sometimes  continued  into  later  periods  of  life.  The  number  of  red  cells 
per  cubic  millimetre  of  blood  is  more  or  less  greatly  diminished,  sometimes 
loeing  reduced  to  one  half  the  normal  number.  The  proportion  of  haemoglobin 
frequently  falls  to  a  still  more  considerable  extent,  so  that  the  individual  cells 
must  also  be  deficient  in  luienioglobin  (Quincke,  Naunyn,  Leichtenstern).  The 
disease  may  be  associated  with  relative  narroAvness  of  the  aortic  system  and 
small  size  of  the  heart  (Virchow),  and  also  with  imperfect  development  of  the 
genital  organs  (Kokitansky).  These  anatomical  changes,  however,  are  by  no 
means  constant  and  may  exist  without  coincident  chlorosis.  "We  are 
therefore  justified  in  seeking  the  cause  of  the  disease  in  abnormalities  of  the 
blood-forming  organs.  Immermann  describes  the  disease  in  the  following 
words: — "Extreme  anaemic  pallor  of  the  skin  and  the  visible  mucous 
membranes,  without  impairment  of  the  general  nutrition  (there  may  even  be 
marked  increase  in  the  subcutaneous  fat) ;  signs  of  dropsy  are  comparativel)' 
rare,  and  when  present,  are  only  slight.  Muscular  activity  is  very  slight,  the 
feeling  of  tiredness  comes  on  very  quickly,  and  there  is  great  tendenc}-  to 
dyspnoea  and  palpitation  whenever  any  considerable  exertion  is  made." 

Associated  with  these  symptoms,  there  are  some  interesting  conditions  in 
the  retina,  which  have  been  thoroughly  investigated  by  0.  Becker,  Eiihlmann, 
and  Friedrichson.  When  examined  by  the  oi^hthalmoscope,  the  retina  sometimes 
appears  strikingly  pale,  with  narrow  blood-vessels  coursing  through  it.  There 
is  nothing  remarkable  in  this  condition,  since  it  is  explained  by  the  diminution 
of  the  total  quantity  of  blood  in  the  vessels.  Mi\ch  more  frequently,  however, 
the  vessels  of  the  retina  are  seen  to  be  dilated  and  very  tortuous.  At  the 
same  time,  they  pulsate  more  or  less  strongly.  The  appearance  of  pulsation 
in  the  retinal  vessels  is,  in  this  case,  partly  the  result  of  the  deficiency  of 
cellular  elements  in  the  blood  (Riihlmann).  The  fluid  of  the  blood  is  less 
viscous,  its  internal  frictional  resistance  is  less,  so  that  marked  pulsations  may 
be  carried  on  into  the  smaller  vessels.  In  addition  to  this,  as  I  have 
attempted  to  prove,  there  is  loss  of  elasticity  in  the  vessel  walls,  which  favours 
the  occurrence  of  visible  pulsations,  and  explains  both  the  dilatation  and  the 
great  tortuosity  of  the  vessels. 

Similar  phenomena  are  seen  in  the  retinal  vessels  in  oligocyth?emias  which 
are  not  due  to  chlorosis.  They  prove  that  the  altered  composition  of  the  blood 
greatly  influences  the  circulation.  It  may  be  assumed  that  the  decrease  of 
internal  frictional  resistance  in  the  blood  and  the  loss  of  elasticity  of  the  vessels, 
which  produces  their  dilatation,  will  at  first  accelerate  the  blood -stream.  If 
the  functional  activity  of  the  heart  is  unaltered,  the  blood-pressure,  in  this  case, 
must  be  diminished  in  the  arteries.  It  is  not  known,  however,  whether  this  is 
the  case.  It  must  also  be  remembered  that  the  heart  might  work  more  strongly 
in  order  to  maintain  the  pressure  in  the  aortic  s^^stem  at  the  normal  or  ap- 
proximately normal  height.  This  might  explain  why  the  patient  is  so  easily 
tired  and  palpitation  occurs  so  frequently. 

Simple  (primary)  anccmias  show  a  decrease  in  the  number  of  red  blood  cor- 
puscles per  cubic  millimetre  of  blood  similar  to  that  in  chlorosis.  In  their 
case,  however,  very  large  and  very  small  red  blood  corpuscles  are  frequently 
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present  in  the  blood  {mkrocytes  when  below  5  micrpmillimetres,  and  macrocytes 
between  10  and  12  micromillimetres  in  diameter).  These  anaemias  are  gener- 
ally ascribed  to  malnutrition,  deficiency  of  fresh  air  and  light,  overstrain  and 
want  of  exercise,  and  other  factors  which  impair  the  general  nutrition. 

Biermer  has  described  as  'progressive  pernicious  ancemia  a  form  of  severe 
oligocythemia  which  had,  undoubtedly,  been  previously  noted  by  Zenker,  E. 
Wagner,  and  Giisserow.  Like  simple  anaemia,  this  disease  appears  to  be  the 
consequence  of  extreme  want  and  poverty,  aggravating  conditions,  such  as  preg- 
nancy, haemorrhage,  or  diarrhoea,  being  frequently  present  in  addition.  It  is 
distinguished  by  its  intractable  nature  and  fatal  termination. 

The  conditions  found  in  the  blood  are  at  first  those  of  a  very  severe  oligo- 
cythiemia.  The  number  of  red  blood  corpuscles  may,  under  certain  circum- 
stances, fall  below  300,000  in  the  cubic  millimetre,  and,  shortly  before  death, 
marked  increase  in  the  white  cells  of  the  blood  is  sometimes  observed.  The 
red  blood  cells  frequently  show  irregular  club  and  comma-shaped  forms — a  con- 
dition which  is  also  found  in  other  serious  anaemias,  and  is  termed  poiUloajtosis 
(Fig.  170).  There  is  a  normal  or  even  increased  amount  of  hsemoglobin  in 
the  corpuscles  (Fig.  170).  Microcytes  are  also  found  in  great  numbers.  The 
change  in  the  blood  is,  as  a  rule,  accompanied  by  alterations  in  the  permeability 
of  the  vessel  Avails,  which  may  give  rise  to  hremorrhages  in  various  organs, 
especially  the  retina. 

As  may  be  learned  from  what  has  just  been  said,  oligo- 
cytha^mia  is  very  frequently  associated  with  increase,  some- 
times also  with  decrease,  in  the  number  of  white  corpuscles. 
Leucocytosis,  however,  requires  special  consideration  in 
those  cases  in  which  it  occurs  as  a  so-called  inflammatory 
leucocytosis,  as  cachectic  leucocytosis,  and  as  leuksemia. 

The  so-called  inflaininatonj  lencoci/tosis,  or  better,  acvfe  Fig.  170.  — Poikiiocytes 
leucorijtmk,  is  an  increase  in  the  number  of  the  white  corpuscles  blooa'^Iorpiiscies  froiu 
contained  in  the  cubic  millimetre  of  blood,  and  is  associated  human  blood,  x  900. 
with  acute  exudations.  In  extensive  suppuration,  in  many 
diseases  of  the  lungs  (croupous  pneumonia)  and  of  the  serous  membranes 
(fibrinous  and  purulent  pleurisy  and  peritonitis),  great  numbers  of  neutrophiles 
(multinucleated  wliite  corpuscles)  pass  out  from  the  vessels  into  the  tissue  of 
the  organs.  In  this  case,  however,  no  diminution  of  the  leucocytes  in  the 
blood  is  observed,  as  we  would  be  inclined  to  expect.  On  the  contrary,  the 
blood  shows  distinct  increase  in  the  number  of  leucocytes  from  12,000  to  24,000 
in  the  cubic  millimetre  of  blood. 

The  jcases  in  which  leucocytosis  accompanies  severe  forms  of  chronic  dis- 
turbances of  nutrition  may  be  described  as  cachectic,  or  better,  as  chronic  leuco- 
cytosis. These  have  already  been  mentioned  in  speaking  of  oligocythsemia. 
The  leucocytoses  which  occur  in  consequence  of  the  formation  of  malignant 
tumours  such  as  carcinoma  and  sarcoma,  may  be  classified  with  them.  The 
increase  in  the  white  cells  of  the  blood  (12,000  to  80,000  in  the  cubic  milli- 
metre) is,  however,  by  no  means  found  in  all  cases  of  malignant  tumour,  as  has 
been  shown  by  the  researches  of  Lilcke,  Sappey,  Alexandre,  and  others.  In 
such  cases  leucocytosis  rather  appears  as  an  unfavourable  prognostic  symptom, 
and,  for  this  reason,  is  worthy  of  attention.  It  is  very  frequently  present, 
however,  in  tumour  formation,  associated  with  more  or  less  well-marked  oligo- 
cythfemia. 

The  researches  of  Virchow  and  Neumann  have  taught  us  to  regard 
leukcemia  as  a  disease  in  which  serious  general  disturbances  of  nutrition  are 
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associated  with  characteristic  changes  in  the  blood,  and  with  proliferation  of 
the  cells  in  the  spleen,  the  lymph -glands,  the  bone -marrow,  and  many  other 
organs.  In  these  proliferations  the  chief  feature  is  the  new  formation  of 
lymphoid  cells,  which  are  also  found  in  enormously  increased  numbers  in 
the  blood. 

Even  to  the  naked  eye,  the  pale,  white  appearance  of  the  blood  in  leu- 
kaemia betrays  its  serious  alteration.  Enumeration  shows,  as  a  rule,  that  there 
is  a  considerable  decrease  of  the  red  blood  corpuscles  (2 "5  to  3 ".5  millions  in  the 
cubic  millimetre),  and,  in  all  cases,  a  great  increase  of  the  white  blood  corpuscles 
(up  to  500,000  in  the  cubic  millimetre).  It  is  generally  agreed  that  leuktemia 
may  be  said  to  be  present  when  the  proportion  of  the  white  corpuscles  in  the 

blood  exceeds  1  to  every  100  red  corpuscles. 
For  the  practitioner  this  is  of  importance,  and 
can,  as  a  rule,  be  easily  and  quickl}^  decided 
in  every  blood  preparation.  The  numbers 
cannot,  however,  be  accurately  estimated  unless 
a  cubic  millimetre  of  blood  is  examined. 

The  majority  of  the  white  cells  in  the 
blood  in  leukaemia  are,  as  a  rule,  large  and 
mononucleated,  some  showing  eosinophile 
granulation  (Ehrlich).  These  probably  come 
from  the  bone-marrow.  Where  disease  of 
the  l3^mph-glands  predominates,  however,  A^ery 
numerous  small  uninucleated  leucocytes  are 
sometimes  found.  In  addition,  we  sometimes 
may  observe  indirect  nuclear  division  in  the 
leucocytes,  and  lastly,  nucleated  red  blood  corpuscles  may  be  present  (Erb, 
Bottcher,  Klebs). 

The  appearance  of  Charcot-Leyden's  crystals  (Fig.  171)  in  the  blood  and  in 
the  spleen  (Xeumann)  may  be  of  special  importance  in  the  explanation  of  the 
disease.  According  to  Scheiner's  investigations,  these  may  be  regarded  as  an 
organic  base,  united  to  phosphoric  acid,  and  are  evidently  a  metabolic  product 
which  is  present,  normally,  in  the  bone-marrow,  but  is  formed  in  great  quantity 
in  leukaemia.  This  condition  distinctly  indicates  that  in  leukaemia  also  the  dis- 
turbance of  metabolism  of  the  blood-forminsr  orirans  is  the  chief  feature,  while 
the  changes  in  the  blood,  which  may  be  so  simply  demonstrated,  are  probably 
onl}^  phenomena  which  result  from  the  disease  of  the  organs. 


Fig.  171.- 


-Charcot-Leyden's  crystals.   From 
a  drawing  by  Leyden. 
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B.  Local  Circulatory  Disturbances 


The  capillary  network  is  interposed  between  the  termiiuil  branches  of  the 
arteries  and  veins.  The  walls  of  the  capillaries  are  formed  by  a  perfectly  clear 
membrane  which,  when  examined  under  the  microscope  in  living 
animals,  shows  flattish  thickenings  at  regular  intervals  (see 
Plate  I.)  If  the  vessels  be  injected  with  dilute  solution  of 
nitrate  of  silver  (}  to  \  per  cent)  and  the  preparation  then  be 
stained  with  borax  carmine,  it  will  be  seen  that  the  previously 
clear  capillary  wall  consists  of  flat  endothelial  cells,  containing 
large  nuclei  at  the  sites  of  these  thickenings  on  the  wall  (Fig. 
172).  After  this  treatment  the  boundaries  of  the  cells  are 
marked  out  by  fine  black  lines.  These  lines  probably  con- 
sist of  albuminate  of  silver,  which  has  been  reduced  under  the 
influence  of  light. 

That  the  black  silver  lines  correspond  to  the  outlines  of  the 
cells  cannot  be  doubted.  On  the  other  hand,  it  is  questionable 
whether  they  represent  the  cement  substance  placed  between 
the  margins  of  the  cells.  It  might  also  be  maintained  that 
the  narrow  spaces  which  lie  between  the  margins  of  the  endo- 
thelial cells  contain  a  fluid  which  combines  with  the  silver 
and  afterwards  becomes  black.  For  the  sake  of  brevity,  how-  fig.  172.— capillary 
ever,  the  substance  lying  between  the  margins  of  the  endo-  '^^""^  *^^  mesentery 
thelium  will,  in  the  following  pages,  be  termed  cement  substmice,  jection  with  dilute 
without  reference  to  its  being  more  or  less  firm  or  fluid,  silver  nitrate  and 
This  so-called  cement  substance  may  be  made  apparent  between   st'i'""'^  ^'t^  t)orax 

,  .  ,     1  •    1         1 1         r  ^  •      ,  T     ,  ,1        carmine,  x  260. 

the  epithelial  cells  01  mucous  membranes  just  as  between  the 
endothelium  in  the  vessel  wall  in  living  animals,  if,  by  the  improved  methods 
of  continuous  injection  suggested  b}'  J.  Arnold  and  myself,  colouring  matter 
be  mixed  with  the  blood,  such  as  sulphindigodate  of  soda  (which  was  first  used 
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by  Heidenhain  for  other  purposes),  or  very  finely  ground  Chinese  ink.  These 
experiments  show,  in  the  first  place,  a  fact  of  some  importance  (Fig.  172),  viz. 
that  the  finely  divided  molecules  of  ink  penetrate  the  vessel  wall  at  the  lines  of 
the  cement  substance  and  pass  into  the  tissue,  although  in  small  quantities.  By 
this  fact,  it  is  very  simply  proved  that  the  cells  of  the  endothelium  of  the  blood- 
vessels are  not  directly  connected  with  one  another,  but  leave  spaces  between 
each  other,  which  are  certainly  very  small,  and  are  filled  up  by  a  fluid  or 
viscous  mass,  the  so-called  cement  substance. 

This  proof  is  not  completely  free  from  objection,  since  a  little  physiological 
salt  solution  (f  per  cent)  is  introduced  into  the  circulation  along  with  the  ink. 
It  is  therefore  conceivable,  as  Arnold  has  already  suggested,  that  the  salt 
solution  circulating  in  the  blood  may  have  somewhat  loosened  the  connection 
between  the  endothelial  cells  of  the  vessel  walls.  The  results  just  mentioned 
were  supplemented   in  a  very  satisfactory  manner  by  the  researches  of  von 

Recklinghausen,  Hoftmann,  Aufrecht,  Reitz,  Ponfick,  and 
Langerhans,  which  preceded  them  in  point  of  time.  By 
means  of  various  experimental  apparatus  these  observers 
traced  the  fate  of  colouring  matter  circulating  in  the  blood, 
and  showed  that  the  perfectly  normal  vessel  wall  allowed 
granular  colouring  matter  to  pass  into  the  tissues  ;  where 
solid  bodies  penetrate,  fluids  also  may  pass.  It  is  therefore 
justifiable  to  assume  that  the  cement  substance  of  the 
capillary  wall  allows  fluids  to  pass  by  filfrafion  from  the 
blood  into  the  tissues.  The  blue  coloration  of  the  cement 
substance  of  the  living  endothelium  of  the  vessels  Avith 
sulphindigodate  of  soda  warrants  the  further  conclusion 
that  processes  of  diffusion  also  take  place  through  the 
cement  substance  of  the  endothelium  of  the  vessels.  I,  at 
least,  have  succeeded  in  demonstrating  that  in  these  experi- 
ments the  blue  coloration  resulted  from  a  secretion  of 
granular  sulphindigodate  of  soda,  and  that  this  secretion  was 
dependent  upon  the  amount  of  salts  in  the  tissues.  When 
the  frog's  tracr^tr  ^The  out-  ^^^sB  are  increased  by  suitable  methods  (irrigation  with  1| 
lines  ofthe  cells  made  visible  per  cent  Salt  solution),  the  secretion  takes  place  earlier  and 
by  the  deposit  of  very  fine   exactly  at  those  points  where  the  sulphindigodate  of  soda 

*T^Diil6s    of    CliinGss   ink        ...  . 

After  J.  Arnold,  x  2S0.      '   circulating   in   the   blood   meets    the   salt    solution    as    it 

difi'uses  into  the  vessel  lumen. 
Processes  of  diffixsion  and  filtration  through  the  capillary  wall  go  on  simul- 
taneously. The  experiments  of  Magendie,  Joh.  IMiiller,  Emmert,  and  others 
show  very  strikingly  that  the  capillary  walls  allow  fluids  to  difi'use  through 
them.  These  authors  proved  that  a  poisonous  substance  injected  into  one 
extremitj^,  passed  into  the  general  circulation  when  this  extremitj^  was  only 
connected  with  the  other  parts  of  the  body  by  its  arteries  and  veins,  or  even  by 
its  veins  alone,  all  other  parts  at  the  root  of  the  limb  being  diAided.  Wharton 
Jones,  in  the  years  184G-48,  published  a  series  of  experiments,  from  which  it  is 
learned  that  the  plasma  may  be  completely  withdrawn  from  the  circulating 
blood  in  small  sections  of  the  vessels,  if  crystals  of  sodium  chloride  or  highly 
concentrated  salt  solution  are  brought  into  contact  with  the  living  tissues  of 
the  frog.  The  investigations  of  H.  Weber,  Schuler,  Buchheim,  Gunning,  and 
myself  have  shown  that  these  results  are  due  to  processes  of  diflfusion  which 
■withdraw  the  water  from  blood  plasma.  It  appears  to  me,  from  the  work  of 
F.  A.  Hoff"mann,  however,  that  processes  of  filtration  are  of  great  importance  in 
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the  interchan2:e  of  matter  between  the  blood  and  tissues.  Hoffmann  found 
that  in  fluid  transudations  from  the  blood  into  the  tissues  and  serous  cavities, 
serum  albumen  and  paraglobulin  were  present  in  nearly  the  same  jDroportions 
as  in  the  blood,  the  albumen  quotient — the  weight  of  the  serum  albumen 
divided  by  the  Aveight  of  the  paraglobulin — undei^going  numerous  variations 
both  in  the  blood  and  in  transudations  in  different  diseases.  The  variations 
are  proportioned  to  each  other  so  closely  that,  in  each  separate  individual,  the 
albumen  quotient  in  the  blood  and  in  the  transudation  from  the  blood  are 
nearly  equal.  Mya  and  Viglezio  have  confirmed  these  facts  in  all  essential 
points.  Now,  as  paraglobulin  diffuses  Avith  more  difficulty  than  serum  albumen, 
the  process  of  diffusion  must  play  a  subordinate  rule  to  the  process  of  filtration 
in  the  passage  of  albuminous  bodies  through  the  vessel  wall. 

The  facts  which  have  been  accumulated  with  regard  to  the  transmission  of 
dissolved  and  granular  colouring  material  through  the  living  vessel  Avail  leave 
no  doubt  that  the  processes  of  diftusion  and  filti\ation  occur  betAveen  the 
endothelial  cells  through  the  so-called  cement  substance.  On  the  other  hand, 
it  must  of  course  appear  very  doubtful  Avhether  diffusion  and  filtration  can 
also  take  place  through  the  body  of  the  living  endothelial  cells  of  the  vessel, 
since  it  is  Avell  knoAvn  that  living  cells  exercise  a  selective  action  in  the 
absorption  of  the  nutrient  material  provided  them.  This  is  probably  the 
reason  Avhy  sulphindigodate  of  soda,  dissolved  in  Avater  and  injected  into  the 
blood,  is  exclusively  deposited  during  its  secretion  in  a  granular  form  at  the 
line  of  the  cement  substance  in  epithelium  and  endothelium,  Avhile  the  cells 
imbibe  the  dissolved  colouring  matter  only  in  infinitesimally  small  amounts.  If 
the  passage  of  fluids  from  the  l)lood  through  the  unaltered  vessel  wall  into 
the  tissue  is  to  be  called  transudation,  it  appears  that,  in  transudation,  the 
fluid  Avhich  escapes  from  the  blood-vessels  is  the  product  of  diffusion  and 
filtration  processes  on  the  one  hand,  and  of  metabolic  process  in  the  capillary 
endothelium  on  the  other.  In  the  tissue  and  the  tissue  spaces  the  transudation 
then  undergoes  further  alterations  due  to  the  metabolic  processes  in  the  tissues. 

Heidenhain  also  arrived  at  similar  results  in  investigating  the  subject  of 
the  difference  of  pressure  between  the  blood  and  tissue  fluids.  He  found,  in 
agreement  Avith  earlier  investigators,  that  the  difference  of  pressure  is  of  great 
importance  as  regards  the  quantity  and  composition  of  the  lymph,  but  that 
{a)  the  difference  in  pressure  does  not  explain  all  the  phenomena,  since  attention 
must  be  paid  to  the  varying  composition  of  the  blood  ;  and  that  (h)  it  is 
therefore  necessary  to  assume  that  the  vessel  Avail  has  the  properties  of  a 
secreting  membrane.  These  experiments  of  Heidenhain  are  Avorthy  of  all 
respect,  for  although  they  are  not  altogether  free  from  objection,  the  conclusions 
he  has  arrived  at  have  been  the  means  of  suggesting  new  lines  of  research. 
He  has  established  one  point,  viz.  that,  after  injection  of  concentrated  solution 
of  sugar  and  salt  into  the  blood,  the  quantity  of  sugar  and  salt  in  the  lymph 
eventually  becomes  greater  than  that  in  the  blood. 

This  result  might  at  first  suggest  the  idea  that  the  amount  of  sugar  contained 
in  the  blood  gradually  falls  as  the  result  of  an  increase  in  the  excretion  of 
sugar  by  the  various  glands.  As,  hoAvever,  the  result  is  very  little  affected 
by  ligature  of  both  renal  arteries,  Ave  must  regard  it  as  possible  that  the 
endothelium  of  the  capillaries  has  a  secretory  function  and  secretes  sugar 
and  salt  into  the  tissues,  until  the  blood  has  lost  a  considerable  portion  of 
those  substances. 

If  the  earliest  development  of  a  vascular  system  be  traced,  as  I  have 
attempted  to  do,  the  same  vieAvs  are  arrived  at  by  purely  anatomical  methods 
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(Figs.  174,  175).  The  first  blood  spaces  are  formed  in  the  area  vasculosa 
of  the  chick  as  intercellular  spaces  Avhich  are  filled  ■with  a  perfectly  clear 
transparent  material  (Fig.  174).  This,  even  in  germinal  areas  which  are  only  a 
few  hours  old,  proves  to  be  a  fluid  circulating  in  the  capillaries,  with  which 
the  red  blood  corpuscles  gradually  become  mixed.  The  development  of  this 
fluid  in  the  young  capillaries,  which  are  closed  on  all  sides,  can  only  be 
described  as  a  process  of  secretion.  The  cells  from  which  the  rows  of 
rudimentary  capillaries  are  formed,  secrete  a  homogeneous  substance,  probably 
a  fluid,  which  leads  by  its  accumulation  to  the  formation  of  these  rudimentary 
capillaries. 

During  this  process  the  surfaces  of  the  cells  turned  towards  the  fluid  assume 
a  highly  refractile  appearance,  like  that  found  in  other  secreting  cell  surfaces. 


Fig.  174. — Section  from  the  area  pellucida  of  the  cliick.    Incubated  twenty-eiglit  hours,   c,  The  first  fully  closed 

rudimentary  capillaries,  x  376. 

The  contents  of  the  earliest  rudiments  of  the  capillaries  are,  as  far  as  can  be 
judged,  under  a  considerable  pressure,  viz.  that,  at  least,  of  the  surface  tension 
of  the  drops  which  form  the  contents  of  the  rudimentary  capillaries.  When 
the  lumen  of  the  rudimentary  capillary  increases  in  size  this  pressure  must 
be  overcome.  From  this  we  learn  that  the  secreting  pressure  in  these  processes 
must  be  fairly  high. 

After  all  these  results,  we  cannot  exclude  the  opinion  that  the  endothelium 
lining  the  capillaries  represents  a  secreting  membrane,  which  transforms  nutrient 
material  brought  to  it,  and  gives  off  its  metabolic  products  partly  into  the 
tissues,  and  partly  also  into  the  lumen  of  the  capillaries.  This  view  will 
find  fresh  support  from  many  facts  which  will  afterwards  be  mentioned.  It 
is  by  no  means  incompatible  with  the  coexistence  of  processes  of  filtration  and 
diff"usion  through  the  capillary  wall ;  indeed,  what  has  been  said  above  has 
shown  that  these  filtration  and  diff'usion  processes  may  be  shown  to  take  place 
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at  the  so-called  cement  substance  of  the  endothelium  of  the  vessels.  It  would 
be  premature,  however,  to  decide  that  filtration  and  diflfusion  are  limited 
exclusively  to  the  cement  substance. 

Examination  of  the  further  development  of  the  area  vasculosa  of  the  chick 
leads  to  the  demonstration  of  some  relations  which  exist  between  the  mechanical 
properties  of  the  blood -stream  and  the  nutrition  of  the  vessel  wall.  This  is 
not  the  place  to  give  a  detailed  account  of  the  normal  development  of  the 
vascular  system,  since  I  have  already  done  so  elsewhere.  The  general  results, 
however,  of  its  investigation  deserve  to  be  briefly  considered,  since  they  are 
of  great  importance  for  the  comprehension  of  pathological  processes. 

The  vascular  areas  of  the  chick  show  very  rapid  growth.  This  is,  however, 
unequal,  in  so  far  as  many  of  the  blood -channels  rapidly  increase  in  length 
and   lumen,  while   others   become   smaller  and    finally   completely   disappear. 


j^;>#-. 
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Fig.  175. — The  earliest  ramifications  of  the  capillary  networlc  formed  by  the  confluence  of  the  originally 
o\'al,  closed,  rudimentary  capillary  spaces,    c,  r,  x  290. 

It  can  be  shown  that  the  rapid  growth  occurs  in  those  vessels  in  which  the 
blood -current  is  very  rapid,  while  the  vessels  which  have  a  slower  stream 
gradually  become  narrower  and  disappear.  This  result  may  be  summed  up 
in  the  law — tlm  increase  in  size  of  the  lumen  of  the  vessel,  or  ivhat  is  the  same  thing, 
the  increase  in  surface  of  the  vessel  tvall,  depends  upon  the  rate  of  the  blood-current.'^ 
The  siu-face  of  a  vessel  wall  ceases  to  grow  when  the  blood -current  acquires  a 
definite  rate.  The  vessel  increases  in  size  when  this  rate  is  exceeded,  becomes 
smaller  when  the  blood -stream  is  slowed,  and  disappears  when  it  is  finally 
arrested. 

This  law  which  brings  the  growth  of  the  surface  of  the  vessel  wall  into 
dependence  upon  the  rate  of  flow  of  the  blood  is,  I  consider,  the  first  and 
most  important  histo-mechanical  principle  which  determines  the  state  of  the 
lumen   of    the    vessel    under    physiological    and    pathological    conditions.      It 


^  I  have  attempted  to  prove  tins  law  as  far  as  concerns  the  arteries  in  the  first  place, 
vestigations  on  the  chick,  however,  prove  that  it  is  generally  apiilicable. 


In- 
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will  be  furtlier  proved,  however,  in  many  places  in  the  general,  as  well  as  in 
the  special,  parts  of  this  book. 

A  second  histo-mechanical  principle  may  be  added  to  this,  viz.  the,  fjrouih 
in  thickness  of  the  vessel  wall  is  dependent  upon  its  tension.  Further,  the  tension  of 
the  wall  is  dependent  upon  the  diameter  of  the  lumen  of  the  vessel  and  upon  the 
hlood-pressure} 

The  proof  of  this  law  is  to  be  sought,  in  the  first  place,  in  the  A^arying 
strength  of  the  wall  of  the  larger  and  smaller  arteries,  veins,  and  capillaries. 
In  certain  diseases  of  the  vessels  (arteriosclerosis,  aneurism)  there  are  apparent 
exceptions  which  will  be  discussed  in  their  proper  place. 

The  third  histo-mechanical  principle  has  not  hitherto  been  so  completely 
demonstrated  as  the  first  two.     It  will  therefore  be  put  forward  merely  as 


Fig.  176.— Capillary  channels  of  the  area  vasculosa  after  forty-eight  hours'  incubation.    .S',  Peripheral  end  of  the 
primitive  aorta  ;  a,  i,  c,  the  selected  blood-channels,    x  30. 


an  hypothesis,  which  runs  as  follows : — increase  of  hlood-pressure  in  the  capillary 
areas  leads  to  new  formation  of  capillaries. 

The  reasons  Avhy  the  investigations  of  the  area  vasculosa  of  the  chick  lead 
one  to  this  hypothesis  Avill  not  be  explained  here,  as  this  has  been  thoroughly 
done  in  my  small  monograph  which  is  mentioned  below.  We  shall  rather 
attempt  to  develop  the  views  of  the  problem  of  the  circulation  which  arise 
from  these  three  histo-mechanical  principles.  The  considerations  which  follow 
will  show  the  importance  of  these  investigations  for  pathology. 

The  three  histo-mechanical  principles  were,  in  the  first  place,  employed  to 
explain  the  developmental  processes  in  the  area  vasculosa  of  the  chick.     In 

^  In  a  cylindrical  tubular  vessel  with  a  circular  transverse  section  the  tension  of  the  wall  in  its 
circular  direction  is  equal  to  the  product  of  the  blood-pressure,  multiplied  by  half  the  diameter  of 
the  lumen,  i.e.  the  radius  of  the  vessel,  as  lias  already  been  pointed  out.  In  the  longitudinal 
direction,  the  tension  of  the  wall  is  equal  to  exactly  the  half  of  this  product. 
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this  flat  extended  area  a  capillary  network  is  found  at  an  early  date  in  which 
no  arterial  and  venous  channels  can  be  differentiated  (Fig.  176).  A  few 
channels  are,  however,  selected  by  the  blood  -  stream  in  conseqixence  of  the 
general  direction  which  is  given  to  it  by  the  position  of  the  ends  of  the 
primitive  aorta  on  the  one  side,  and  of  the  venous  ostia  of  the  heart  on  the 
other.  These  channels  (Fig.  176,  a,  i,  r)  contain  the  more  rapidly  flowing 
streams.  They,  therefore,  dilate  and  become  converted  into  arteries  and  veins 
(Fig.  177). 

Other  channels,  in  which  the  rate  of  the  flow  of  the  blood  has  a  certain 
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Fig.  177.— Blood-vessels  from  the  area  vasculosa  after  fifty-seven  hours'  incubation.  The  same  part  as  in  Fig. 
176.  S,  Peripheral  end  of  the  primitive  aoi-ta ;  «,  &,  c,  the  selected  channel  of  entrance  to  the  capillary 
network.    V,  V,  V,  venous  exit  of  the  latter ;  d,  d,  d,  the  beginning  of  tlie  second  capillary  network,    x  25"4. 


medium  force,  remain  as  capillaries,  and  lastly,  some  channels  which  offer 
great  resistance  to  the  stream,  and  are  thus  very  slowly  traversed,  atrophy,  or 
disappear  altogether.  The  rapid  growth  of  the  selected  channels  diminishes 
the  resistance  to  the  blood  -  stream,  so  long  as  the  capillary  area  remains 
unaltered.  The  blood -pressure  in  the  capillary  area  accordingly  rises  and 
leads  to  new  formation  of  capillaries.  New  communications  are  thus  formed 
between  the  terminal  ramifications  of  the  arteries  and  veins ;  the  capillary 
area  is  thus  relieved,  and  its  blood -pressure  falls.  Arteries  and  veins  have 
now  become  Avider  and  longer,  and  the  capillary  area  has  increased  in  extent. 
A  larger  quantity  of  blood  will  flow  into  it,  therefore,  and  this  Avill  involve  a 
corresponding  increase  in  the  total  resistance  to  the  stream  within  the  enlarged 
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capillary  areas.     The  chain  of  processes  described  may  therefore  be  repeated 
until  any  one  link  in  the  chain  becomes  incapable  of  further  increase. 

If  we  consider  that  this  chain  of  processes  is  constantly  repeated  within 
short  spaces  of  time,  and  that  at  each  time  only  a  slight  alteration  of  the 
previoiTsly  existing  relations  is  produced,  we  may  form  a  fairly  accurate  concep- 
tion of  the  mode  of  growth  of  the  vascular  system. 

The  details  of  this  will  not  be  considered  here.  If,  however,  we  apply  the 
above  principles  to  any  organ  whatever  Avhich  has  a  longer  existence  than 
the  area  vasculosa,  we  must  admit  that  the  histo-mechanical  principles  justify 
us  in  assuming  that,  after  the  organ  has  ceased  to  grow,  the  rate  and  pressure 
of  the  blood  in  all  its  capillaries  are  approximately  equal. 

In  this  organ,  according  to  the  first  histo-mechanical  principle,  all  blood- 
channels  in  which  the  rate  of  flow  exceeds  a  certain  maximum,  must  increase 
in  lumen  and  become  converted  into  arteries  and  veins.  V^ice  verm,  all  vascular 
channels  will  disappear  in  which  the  rate  of  the  blood -stream  falls  below  a 
certain  minimum.  If,  however,  the  liunen  of  the  vessel  bears  a  fixed  relation 
to  the  rate  of  the  blood -ciu^rent,  the  interval  betAveen  the  maximum  and 
minimum  cannot  be  great.  From  this  it  appears  that,  after  growth  is  completed, 
the  rate  of  flow  must  be  fairly  uniform  in  all  the  capillaries  of  an  organ.  ^ 

The  conversion  of  capillaries  into  arteries  diminishes  the  resistance  of  the 
blood-stream,  and  leads  to  an  increase  of  pressiu-e  in  the  capillaries.  If,  then, 
according  to  the  third  histo-mechanical  principle,  new  capillaries  are  formed 
at  all  places  in  the  capilLuy  area  in  which  the  pressure  of  the  blood  exceeds  a 
certain  limit,  these  capillaries,  again,  reduce  the  pressure  by  forming  new 
connections  between  the  arteries  and  veins.  The  third  histo-mechanical  principle, 
therefore,  implies  that,  during  the  growth  of  the  organ,  new  capillaries  are 
being  formed  everywhere,  and  that,  after  complete  growth,  the  blood-pressure 
in  all  capillary  areas  of  the  same  organ  is  fairly  uniform. 

The  vvidth  of  the  lumen  of  the  capillary  channel  at  the  close  of  the  period 
of  growth  must  be  almost  the  same  in  all  areas  of  the  same  organ,  since  it 
depends  on  the  rate  of  flow,  and  this  rate  is  uniform  in  all  capillaries  of  the 
same  organ. 

These  conclusions  are  in  perfect  harmony  with  the  actual  state  of  matters. 
It  appears,  however,  that  in  the  different  organs  there  are  great  differences  in 
the  width  of  the  lumen  and  in  the  number  of  theii'  capillaries,  in  the  rate  of 
flow,  and  in  the  quantity  of  the  blood  flowing  through  a  given  area  of  the  vessel 
in  a  given  time. 

If  these  facts  be  compared  with  the  results  which  were  obtained  above, 
according  to  which  the  fii'st  vascular  spaces,  the  rudimentary  capillaries,  were 
formed  by  the  secretory  activity  of  the  cells  forming  their  Avail,  we  are 
compelled  to  assiime  that  the  metabolic  processes  and  other  special  characteristics 
of  the  various  organs  also  exercise  a  determining  influence  on  the  peculiarities 
which  distinguish  their  capillaries.  It  must  be  imagined  that  the  individual 
characters  of  the  organ,  and  its  size  in  relation  to  other  organs,  decide  firstly 
the  number  of  capillaries  in  the  whole  organ  and  in  a  single  part  of  the  organ ; 
further,  the  special  relations  existing  between  the  rate  of  flow  and  the  lumen 
of  the  capillary  channel ;  and  lastly,  the  height  of  the  blood -pressure  which 
Avill  lead  to  the  formation  of  new  capillaries.  If,  for  example,  the  groAvth  of 
the  capillaries  is  arrested  in  one  organ  at  a  rate  of  flow  a,  corresponding  to  a 

^  It  is  presupposed  that  we  are  dealing  with  a  very  simply-constructed  organ.  Organs  which 
have  a  complicated  vascular  system  must  tirst  be  imagined  as  divided  into  simjder  portions,  into 
individual  vascular  areas  which  are  of  similar  construction. 
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lumen  ft,  in  a  second  organ  the  gi'owth  of  the  capillary  lumen  might  perhaps  be 
arrested  at  a  rate  of  flow  A,  corresponding  to  a  lumen  B.  Thus,  in  the  one 
organ,  capillary  new  formation  Avould  occur  when  the  pressiure  of  the  capillary 
blood  exceeds  the  limit  c  ;  while,  in  the  other  organs,  this  limit  might  be  higher 
at  the  blood-pressure  6'. 

The  number  of  capillaries,  their  lumen,  and  the  rate  of  flow  of  the  blood- 
stream passing  through  them,  determine,  as  has  been  observed,  the  total 
quantity  of  the  blood  which  flows  through  the  entire  organ.  We  thus  arrive 
at  the  remarkable  result  that  it  is  the  organ  itself  which  determines  the  quantity, 
the  rate  of  floio,  and  the  pressure  of  the  blood  flotoing  through  it ;  and  that  this  is 
effected  hy  means  of  fixed  relations  which  are  expressed  generally  in  the  three  histo- 
iiiechaniccd  principles.  The  conditions  which  produce  the  uniformity  of  prressure  and 
rate  of  the  blood-current  in  all  capillary  areas  of  the  same  organ  are  included  in  these 
principles. 

According  to  the  generally  accepted  view  of  the  problem  of  the  circulation, 
which  was  formerly  quite  sufficient  to  serve  as  a  basis  for  the  account  of  its 
general  disturbances,  the  pressure,  the  rate,  and  the  amount  of  the  blood-flow 
appeared  to  be  dii'ectly  dependent  upon  the  action  of  the  heart.  According  to 
the  view  given  here,  on  the  other  hand,  it  is  the  metabolic  processes  in  the 
organs  M'hich  determine  first  for  the  individual  organs,  then  for  the  whole  of 
the  organs — that  is,  for  the  circulation  as  a  whole — the  amount  of  blood  propelled 
within  a  given  time,  its  pressure,  and  its  rate  of  flow.  In  this  case,  the 
working-power  of  the  heart  appears  as  the  equivalent  of  the  sum  of  the  histo- 
mechanical  demands  made  by  the  organs. 

This  result  is  also  in  complete  accordance  with  the  actual  facts.  The 
observations  of  pathologists  have  shown  clearly  that  the  functional  activity  of 
the  heart  invariably  increases  when  even  a  single  organ  makes  larger  demands 
upon  the  circulation.  This  fact  is  very  strikingly  illustrated  by  the  great 
enlargement  of  the  heart  in  those  who  do  hard  bodily  work  for  long  periods. 
This  enlargement  of  the  heart  is  usually  still  more  marked  when  it  is  the 
result  of  extensive  disease  of  the  systemic  cajiillaries.  In  the  diseased 
capillary  areas  the  resistance  which  the  blood -stream  has  to  overcome  is 
increased,  but  the  result  is  not  an  insufficient  supply  of  blood  to  these  areas, 
but  an  increased  action  of  the  heart-muscle  which  overcomes  this  heightened 
resistance. 

The  subject  of  local  circulatory  disturbance  in  individual  vascular  areas 
cannot  be  satisfactorily  treated  without  considering  this  dependence  of  the 
blood-stream  upon  the  local  metabolic  process.  The  question  then  generally 
arises.  How  the  condition  of  the  blood-stream  in  the  capillaries  influences  that 
in  the  arteries  and  veins,  and,  vice  versa,  how  the  arterial  and  venous  streams 
influence  that  in  the  capillaries?  A  fuller  examination  of  the  blood -stream 
in  the  capillaries,  arteries,  and  veins  is  required  for  the  solution  of  these 
questions  ;  for  although  it  has  been  shown  that  the  functional  activity  of  the 
heart  is  dependent  upon  the  capillary  circulation,  the  special  connecting  links 
between  the  two  have  still  to  be  demonstrated. 

It  is  here  that  microscopical  investigation  of  the  circidation  of  living 
animals  is  in  its  proper  place.  For  this  purpose  various  apparatus,  simple 
and  complicated,  have  been  made  use  of.  When  it  is  desired,  however,  to 
determine  actually  existing  relations,  it  will  be  necessary  so  to  protect  the  part 
of  the  animal  under  the  microscope  from  external  injuries,  such  as  evaporation, 
the  presence  of  organisms,  etc.,  in  such  a  way  that  for  some  hours,  at  least,  the 
relations   of  the   circulation  remain  constant,  so    long   as    new    experimental 
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conditions  ;ire  not  intentionally  introduced.     This  requisition  is  most  simply 
and  certainly  fulfilled  when  the  living  tissue,  stretched  out  under  the  micro- 


PiG.  178. — Apparatus  of  vulcanite,  brass,  and  ,i;iass  for  tlie  fibservation  of  tliu  circulation  in  the  tongue  of  the 

frog.     Half  natural  size. 

scoiDC,  is  moistened  with  a  continuous  stream  of  sterilised  physiological  f  per 
cent  salt  solution  (Thoma's  method  of  irrigation). 

For  this  ptirpose  some  slides  are  of  nse  which  I  have  constructed  for  the  investigation  of 


Fig.  179.— Apparatus  for  the  examination  of  the  circulation  in  the  mesentery  and  omentum  of  warm-blooded 

animals.     Explanation  in  the  text.     Reduced. 

the  circulation  in  the  tongue,  the  mesentery,  the  lungs,  and  the  web  of  the  frog.  Fig.  178 
represents  sucli  an  apparatus  intended  for  the  investigation  of  the  tongue  of  the  frog.  Between 
the  margins  of  the  glass  plate  B  and  the  adjoining  portion  of  metal,  strips  of  cork  are  inserted 
and  the  tongue  is  then  stretched  on  the  glass  plate  with  the  aid  of  needles.     The  cannul?e 
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which  convey  the  salt  solution  to  the  tongue  are  clamped  into  the  carriers  t.  To  the  projecting 
tubes,  c,  c,  india-rubber  tubes  are  attached  which  carry  away  the  superfluous  salt  solution  from 
the  object.  The  holder  A'  serves  for  clamping  in  the  rubber  tube,  through  which  flnids  may  at 
the  same  time  be  allowed  to  flow  into  the  large  abdominal  vein  of  the  frog.  For  the  observa- 
tion of  the  circulation  in  the  mesentery  of  warm-blooded  animals  I  have  employed  a  similar 


Fk;.  ISO. — Veins  from  a  frog's  tongue.     Oligocythsemia  rubra.     Axial  stream  darl<,  marginal  stream  light. 
Valves  at  one  point,     a,  h,  c,  Schematic  section  through  the  vein. 


apparatus  which  can,  however,  be  warmed  (Fig.  179).  The  oblic[ue  wooden  table  T  supports 
the  large  movable  stage  C,  which  is  balanced  by  the  weights/,/.  This  stage  bears  the  curarised 
animal  (dog,  cat,  rabbit,  guinea-pig).  The  chamber  A",  which  is  fixed  to  the  stage  C,  is  closed 
above  and  below  by  a  glass  plate,  and  is  kept  at  a  constant  temperature  by  water  brought  to 
it  from  the  vessel  A,  and  heated  by  passing  through  the  water-bath  £.  In  the  water-bath  B 
the  temperature  is  kept  constant  by  a  regulated  gas-flame,  the  height  of  the  water  by  a 
Mariott's  bottle  /.     Salt  solution  flows  from  the  Mariott's  bottle  //  through  the  tube  s,  over 
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the  mesentery  which  is  stretched  upon  the  glass  plate  K.  This  fluid  has  also  Ijeen  previously 
warmed  in  the  water-bath  B.  The  two  small  glass  bottles  in  the  water-bath  serve  to  remove 
the  air-bubbles  which  are  formed  in  warming  the  various  fluids. 

These  apparatus  are  sold  by  Jung  in  Heidelberg.     Further  details  will  be  found  in  my 
papers  quoted  at  the  end  of  the  chapter. 

If  the  circulation  of  a  living  animal  be  examined  under  the  microscope,  it 
^vill  be  seen  in  cold-blooded  as  well  as  in  warm-l)looded  animals  that  the  blood- 
current  divides  into  a  marr/iiial  dream,  either  free  from  cells  or  containing  very 
few,  and  into  an  axial  stream  containing  many  cells.^ 

In  warm-blooded  animals  this  is  well  marked  in  the  capillaries,  arteries, 
and  veins,  so  far  as  they  can  be  examined  microscopically.  The  results  which 
will  afterwards  be  discussed  under  thrombosis  show,  further,  that  it  is  probable 

that  in  all  vessels,  even  in  the  aorta, 
pulmonary  artery,  and  vena  cava  in 
man,  there  is  a  marginal  zone  in  the 
blood-stream  free  from  or  containing 
very  few  corpuscles.  The  ajDpear- 
ance  of  the  l)lood- stream  in  oligo- 
cythaemia  is  of  great  general  interest 
(Fig.  180).  In  this  case  the  marginal 
zones  are  very  broad,  and  it  is  seen 
that  currents  in  the  veins  which  have 
become  confluent  run  for  a  long 
distance  side  by  side,  but  quite  sepa- 
rate from  each  other.  I  once 
observed  the  same  phenomenon  in 
the  aorta  of  a  living  chick,  in  which 
the  streams,  proceeding  from  both 
aortas,  were  visible  in  the  trunk  of 
the  descending  aorta  beside  each 
\i'|l\  "^i^'     \%  'V'.Ul  other    for    a    long    way.       Similar 

\\^1\  |^,|  [/'%\  results  are  found,  lastly,  in  the  large 

arterial  anastomoses  of  the  mesentery 
in  warm-blooded  animals  (Fig.  181). 
From  these  facts  the  important 
conclusion  may  be  drawn  that,  in  the 
blood-current,  the  columns  in  the  streams  usually  run  parallel  to  each  other  and  only 
assume  converging  ami  diverging  directions  at  the  branches  and  the  valves.  In  what 
follows  I  shall  apply  the  term  vascular  internode  to  the  parts  of  the  vessels  be- 
tween two  valves  and  between  two  points  of  division  as  far  as  they  are  traversed 
by  parallel  columns  of  blood  {i.e.  where  all  the  parts  of  the  blood-stream  flow  in 
parallel  lines).  By  means  of  corrosion  of  arteries  which  have  been  previously 
injected  with  paraffin,  it  can  be  proved  that  these  internodes  are  always  in  the 
arteries,  at  least,  of  uniform  width,  and  either  circular,  or  where  the  vessel  runs 
a  curved  course,  almost  elliptical  in  transverse  section.  If  the  various  columns 
in  the  stream  run  parallel  to  each  other  in  the  internodes  of  the  vessel,  it  may 
be  infei'red  that  ^vithin  the  internodes  of  the  vessels  the  pressure  of  the  blood-stream 
is  equal  at  all  points  of  one  and  the  same  transverse  section.  For  if  the  pressure  at 
difierent  points  of  the  same  transverse  section  of  the  blood- channel  were 
unequal,  the  fluid  particles  would  be  forced  to  run  in  directions  which  diverge 

'  The  red  blood-cells  of  the  frog  are  so  large  that  in  many  capillaries  they  take  uji  the  whole 
breadth  of  the  lumen  ;  otherwise,  the  relations  are  the  same. 


Fig.  181.  — Arterial  anastomoses  of  the  mesentery,  the 
marginal  stream  white,  axial  stream  dark,  f/,  Schematic 
transverse  section  tlirougli  tlie  arterial  brancli. 
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from  the  axis  of  the  vessel.  The  equality  of  pressure  at  all  points  of  the  same 
transverse  section  of  the  stream  is,  however,  the  postulate  uj^on  which  Poiseuille 
based  his  investigation  into  the  tiow  of  fluids  in  capillary  tubes.  Jacobson 
and  Neumann  have  shown  that  Poiseuille's  result  is  applicable  to  glass  tubes 
of  larger  calibre.  From  the  mathematical  calculations  of  Neumann  it  may  be 
deduced  that  the  rate  v  at  any  point  of  the  transverse  section  of  the  internodes 
of  the  vessel  which  is  at  a  distance  /•  from  the  axis  of  a  vessel,  is  equal  to 

R2  -  r2 


where  i\  represents  the  rate  of  flow  of  the 
stream  at  the  distance  R^  from  the  axis,  and 
R  signifies  the  radius  of  the  lumen  of  the 
vessel. 

This  result,  which  I  have  developed 
more  fully  in  my  in^'estigation  into  the 
histogenesis  and  histo-mechanism  of  the  vas- 
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cular  system,  may  be  easily  stated  as  follows. 
Ill  a  transverse  section  of  any  internode  of 
a  vessel  all  the  particles  of  the  blood  which 
lie  at  the  sauie  distance  froui  its  axis  flow  at 
the  same  rate.  The  blood  flows  in  concentric 
lamiuie  in  such  a  manner  that  the  layers 
nearest  to  the  axis  flow  more  rapidly  than 
those  layers  of  the  stream  which  are  nearer 
the  wall.  The  most  external  layer,  touching 
the  wall,  stands  still.  The  rate  of  flow  of 
the  separate  layers  has  been  given  in  the 
al)Ove  formula,  which  is  indicated  graphically 
in  Fii^.  182.  The  rate  of  flow  of  the  stream 
at  the  various  points  of  the  transverse  sec- 
tion of  the  internode  is  proportional  to  the 
length  of  the  dotted  lines  in  Fig.  182. 

So  far  as  Ave  are  in  a  position  to  esti- 
mate microscopically  the  rate  of  flow  of  the 
blood -stream  at  the  various  points  of  the 
transverse  section  of  a  vessel,  we  can  confirm 
this  mathematical  deduction.  The  investiga- 
tion of  the  stream  at  branches  and  valves  is, 
however,  much  more  difiicult.  In  the  living 
animal  the  axial  stream  is  seen  to  become 
narrowed  at  the  opening  of  the  valves,  and 
behind  the  folds  and  pouches  of  the  valves 
are  eddies  in  which,  at  most,  only  a  few  cells 
are  found. 

Where  the  arteries  and  veins  branch,  on  the  other  hand,  no  marked  change 
(jf  the  current  can  be  recognised,  although  corrosion  of  arteries  that  have  been 
injected  Avith  paraffin  shows  that  the  bed  of  the  stream  has  a  larger  transverse 
section  than  the  internode  of  the  vessel  close  to  it  on  the  cardiac  side  (Fig.  183). 

Paraflin  injections  of  the  aorta  frequently  show  that  the  blood-stream  must 
have  been  slightly  swollen  at  the  origins  of  the  lumbar  and  intercostal  arteries 
(Fig.  184).  These  swellings  show  great  similarity  to  the  groups  of  fluid 
columns  which,  in  Fig.  18.3,  pass  into  the  lateral  branches.     SjDeaking  generally, 
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1S2.— Sclienie  of  tlie  rate  of  flow  of  the 
blood  in  a  cylindrical  vessel.  The  length 
of  the  dotted  lines  indicates  the  distance 
which  the  particles  of  the  fluid  which  lie 
in  the  transverse  section  DE  traverse  in 
the  same  period  of  time. 
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therefore,  it  may  be  supposed  that  there  is  no  irregular  intercrossing  of  the 
currents  at  the  places  where  the  arteries  branch.  At  the  hifurcution  of  the 
arteries  the  currents  separate  from  each  other  in  the  same  regular  manner  in  which  tliey 
join  together  at  the  bifurcation  of  the  veins  (Fig.  180). 

It  has  been  shown  above  how  the  organs  determine  the  rate,  the  pressure, 
and  the  amount  of  blood  which  flows  through  their  capillaries.  They  also 
determine  the  nearly  equal  ^  amount  of  blood  Avhich  flows  through  the  afterent 
arteries  and  the  etterent  veins  in  a  given  time.  It  depends,  then,  upon  the 
width  of  the  lumen  of  these  large  vessels  what  the  rate  and  pressure  of  the 
blood  within  them  shall  be. 

The  lumina  of  the  arteries  and  veins,  as  vdW  afterwards  be  seen  in  the 
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Fio.  1S3. — The  division  of  an  artery  showing  the  blood-stream,  from  the  tongue  of  the  frog,  a,  Focussing  of 
tlie  microscope  on  the  axis  of  the  arteries ;  /,  focussing  on  the  surface  of  the  stream  ;  g,  schematic  trans- 
verse section  of  the  artery  on  wliicli  the  part  of  the  stream  tliat  goes  to  the  lateral  branch  is  distinctly 
marked  out.    x  205. 

consideration  of  the  diseases  of  the  circulation,  also  stand  in  a  certain  relation, 
in  accordance  "with  the  first  histo-mechanical  pinnciple,  to  the  rate  of  flow 
of  the  stream.  During  growth  these  large  vessels  dilate  until  a  certain 
rate  of  the  stream  is  attained.  This  rate  is  possibly  not  the  same  in  all 
arteries  and  veins ;  but  there  are  many  important  points  of  similarity,  however. 
In  the  same  space  of  time  as  great  an  amount  of  blood  passes  through  the 
trunk  of  the  pulmonary  artery  as  through  the  aorta.  The  pulmonary  artery, 
also,  is  nearly  as  wide  as  the  ascending  aorta.  The  average  rate  of  the  currents 
in  both  must  therefore  be  almost,  if  not  quite,  the  same. 

I  have  calculated  the  area  of  transverse  sections  from  the  numerous  measure- 


^  Nearly  equal,  since  the  lymphatics,  evaporation,  etc.,  make  the  amount  of  lilooil  which  leaves- 
an  organ  rather  less  than  that  ■wliicli  enters  it. 
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merits  of  the  circumference  of  the  vessels  published  by  W.  F.  Beneke,  and  have 

stated  them  in  my  investigations  into  the  histogenesis  and  histo-mechanism  of 

the  vascular  system.     From  these  it  appeared  that  the  area  of  the  transverse 

section   of  the   lumen   of    the  ascending  aorta,   when   its 

growth  was  completed,  was  equal  to  the  sum  of  the  areas 

of  the  transverse  sections  of  its  branches.     I  examined  as 

its   branches   the  two   carotids,   the    two   subclavians,  the 

descending  aorta  at  the  junction  of  the  upper  and  middle 

third  of   its    length,   and    the   intercostal,   bronchial,   and 

mediastinal  arteries  given  off  from  the  trunk  of  the  aorta 


above  this  situation.  In  the  same  manner  the  transverse 
sectional  area,  when  growth  was  completed,  of  the  ab- 
dominal aorta  (2  centimetres  above  its  bifurcation)  was 
found  to  be  equal  to  the  sum  of  the  transverse  sectional 
areas  of  its  branches,  the  two  common  iliacs,  the  median 
sacral,  the  most  inferior  pair  of  lumbar  arteries,  and  a  few  smaller  branches. 

These  relations  are  also  found  in  the  arteries  of  the  tongue  and  the  web 
in  the   li\an£  fros.       If  disturbances  of   circulation   are   excluded    as    far  as 


Fig.  1S4.— Paraffin  cast  of 
the  aorta  and  the 
origin  of  two  luiubar 
arteries,  x3-2. 


Fig.  185.— Division  of  an  artery  of  tlie  frog's  tongue.     Rate  of  the  axial  stream  equal  in  tlie  artery  and  the 

branches  (homonomous  branching). 

possible,  it  will  here  be  found  that  the  transverse  sectional  areas  of  the  main 
arteries,  which  may  easily  be  reckoned  from  their  diameters,  are  equal  to 
the  sum  of  those  of  their  branches  (capillaries  being  excluded  from  con- 
sideration). When  deviations  from  these  relations  occur,  they  are  transitory, 
such  as  are  brought  about  by  variation  in  the  tonic  innervation  of  the 
vessel  Avail. 

These  results  show  that,  very  often,  and  certainly  at  all  points  Avhere 
they  have  been  closely  investigated,  the  transverse  sedioiuil  areas  of  the  htmen 
of  the  arterial  trunks  are  equal  to  the  sum  of  the  transverse  sectional  areas  of  their 
branches.  For  the  sake  of  brevity,  I  have  named  an  arterial  ramification  which 
fulfils  these  conditions,  an  "equivalent  arterial  ramification"  {divisio  aequabilis), 
(measm-ements  always  being  taken  at  the  internodes). 

If  it  be  remembered  that  the  quantity  of  blood  which  flows  in  a  given 
time  through  the  transverse  section  of  an  artery  is  always  equal  to  the 
amount  of  blood  which,  in  the  same  time,  flows  through  all  its  branches,  it 
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will  be  recognised  that  in  an  "  equivalent  arterial  ramification "  only  two 
conditions  are  possible  as  far  as  concerns  the  rate  of  the  flow  in  the  middle 
of  the  stream.     Either 

the  average  rate  of  the  current  is  equal  in  the  trunk  and  in  the  branches 
(liomonomous  ramijicatiun), 
or 

the  average  rate  of  the  current  is  in  the  one  branch  greater,  and  in  the 

other  branch  less,  than  in  the  trunk  {Iwteronomous  ramification). 

In  general,  the  rate  of  flow  in  the  trunk  and  in  the  branches  is  equal  "  in 

equivalent  ramifications  "  under  normal  circumstances.     This  may  be  concluded 

from  the  behaviour  of  the  blood -stream  in  the  trunks  and  branches  of   the 

arteries.      The  axial  stream  appears,  universally,  as  an  almost  homogeneous, 

finely -striated  column,  while  the  marginal 
stream  generally  consists  of  a  stream  of 
plasma  only,  into  which  a  few  white  blood 
corpuscles  dip  for  a  moment.  Experimental 
investigations,  which  will  afterwards  be 
described,  show  that  even  slight  alterations 
in  the  rate  of  flow  of  the  stream  are  suffi- 
cient to  render  the  axial  stream  either  com- 
pletely homogeneous  or  coarsely  striated, 
and,  at  the  same  time,  to  modify  the 
number 
stream, 
uniform 


marginal 


Fig.  1S6.— Bifurcation  in  an  artery  of  the  frog's 
tongue.  As  a  result  of  peripheral  circula- 
tory disturbances  the  stream  is  slower  in 
the  one  branch  ci,  and  more  rapid  in  the 
other  branch  Oi,  than  in  the  trunk  c.  This 
is  an  equivalent,  but  still  a  hctcro)wmous 
ramification. 


of  white  cells  in  the 
Since  the  blood -stream  is  of  a 
appearance  in  the  trunk  and 
branches,  if  lio  disturbances  can  be  detected 
by  the  microscope,  we  are  justified  in  sup- 
posing that  the  ramification  is  liomonomous, 
and  all  the  more  so,  since  the  aspect  of  the 
stream  of  blood  does  not  change  after 
rapid  branching  (capillary  areas  being  left 
out  of  consideration).  Obviously,  differ- 
ences must  appear,  at  least,  after  repeated 
branching  of  the  stream,  if  each  individual 
division  causes  even  slight  alterations  in 
the  rate  of  flow.  If  there  is  no  difterence, 
we  may,  arguing  backwards  from  the  con- 
stancy of  the  average  rate  of  current,  prove  the  uniform  value  and  the  homono- 
mous  character  of  the  ramification.  Sometimes,  however,  disturbances  in  some 
capillary  areas  set  in  during  such  investigation.  It  is  then  observed  that  the 
stream  flows  more  quickly  in  one  branch,  and  more  sloAvly  in  another  branch, 
than  in  the  trunk.  A  well-marked  disturbance  of  this  kind,  brought  about  by 
laceration  of  the  peripheral  circulatory  areas,  is  shown  in  Fig.  186. 

Homonomous  ramification  of  the  arteries  seems  to  be  the  general  rule. 
The  transverse  sectional  area  of  the  main  artery  is,  in  this  case,  equal  to  the 
sum  of  the  transverse  sectional  areas  of  its  branches,  and  in  all  the  arteries 
the  blood -current  has  the  same  average  rate.  From  this  result  it  follows,  at 
the  same  time,  that  the  quantity  of  blood  which  flows  through  the  transverse 
section  of  any  artery  Avhatever  in  such  a  system,  Avithin  a  gi^-en  time,  is 
proportional  to  the  transverse  section  of  the  artery.^ 

^  The  quantity  of  blooil  which  flows  tlirougli  is  therefore  also  proportional  to  tlie  square  of 
the  radius  of  the  lumen  of  the  arteries. 
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This  is  the  consequence  of  the  fixed  relations  which  are  expressed  in  the 
first  histo-mechanical  principle.  The  reason  has  already  been  given  why  it  is 
necessary  to  assume  that  it  is  the  parenchyma  of  the  organs  Avhich  determines 
the  rate  of  flow,  the  pressure,  and  the  quantity  of  blood  which  passes  through 
its  capillaries.  The  quantities  flo'wing  through  the  afterent  arteiies  of  the 
organ  are  thus  given  at  the  same  time,  and  the  result,  stated  here,  shows  that 
the  lumina  of  the  arteries  during  growth  increase  until  a  certain  uniform 
axial  rate  of  flow  is  obtained  throughout  the  whole  arterial  system.  The 
relation  between  the  growth  in  the  siuiace  of  the  vessel  wall  and  the  rate 
of  flow  of  the  blood  is  apparent  here.  The  first  histo-mechanical  principle 
has  the  following  significance  as  regards  the  normal  arteries,  in  so  far  as  the 
ramifications  are  homonomous — viz.  that  the  lumen  of  the  artery  dilates  or 
contracts  until  a  certain  average  rate  of  flow  is  obtained. 

Since,  according  to  the  first  histo-mechanical  principle,  the  lumen  of  the 
artery  is  determined  by  a  certain  average  rate  of  flow,  the  conditions  are 
provided  which  give  directly,  as  a  necessary  consequence,  the  arterial  pressiu'e 
of  the  blood. 

If  the  rate  of  flow  be  converted  into  its  equivalent  pressure,  as  can  easily  be 
done  according  to  mechanical  principles,  the  sum  of  the  lateral  pressui*e  of  the 
blood  and  of  that  corresponding  to  the  rate  of  flow  of  the  stream  can  be 
estimated.  The  law  would  then  hold  good  that  these  sums  of  the  two  pressures 
change  at  each  transverse  section  of  the  channel  by  an  amount  equivalent  to 
the  value  of  the  frictional  resistance.  Therefore,  if  the  organs  themselves 
determine  the  pressure,  the  rate  and  quantity  of  blood  at  those  places  where 
the  arteries  terminate  in  the  capillary  network,  and  if  the  lumen  of  the  arterial 
channel  and  the  average  rate  of  curi-ent  of  the  blood  are  fixed  by  the  first  histo- 
mechanical  principle,  we  can  obtain  by  mechanical  laws  the  height  of  the  arterial 
pressure  at  each  point  of  the  arterial  channel,  the  pressure,  the  quantity 
of  blood  flowing  through,  and  the  rate  of  ciu-rent  in  the  ascending  aorta,  and 
also  the  work  performed  by  the  heart. 

These  are  hypotheses  which,  at  present,  only  apply  to  the  ideal  normal 
stream  in  the  vascular  system.  The  varying  activity  of  the  organs  produces 
constant  changes,  and  many  diseases  introduce  disturbing  factors.  In  the  first 
l^lace,  the  tone  of  the  vessel  has  a  regulating  influence.  In  these  processes  it  can 
be  imagined  that  the  periphei'al  A'aso-motor  nerve  centres,  postulated  by  v.  Goltz, 
are  acting.  Perhaps  it  is  the  vessel  AA'all  itself,  or  more  accurately,  the  muscle 
of  the  vessel  wall,  which  acts  first.  In  any  case,  it  is  observed  that  every 
disturbance  of  the  circulation  of  the  blood  produces,  in  the  first  place,  altera- 
tions in  the  tone  of  the  vessel  which  again  reduce  the  arterial  ramification 
completely  or  very  nearly  to  a  homonomous  condition.  If  the  tongue  of  a 
previously  curarised  frog  be  drawn  forward  for  microscopical  examination, 
very  noticeable  disturbances  occiu\  The  tongue  becomes  red,  and  if  the 
ramifications  of  the  vessels  be  now  measured,  it  will  be  found  that  there  is 
considerable  deviation  from  the  homonomous  nature  of  the  ramification. 
Twenty  to  thirty  minutes  later,  a  considerable  distiu-bance  of  circulation  is 
still  present,  the  tongue  is  still  very  red.  The  measurement  of  the  vessels, 
however,  apart  from  the  arteries  Avhich  lead  to  the  lacerated  margins  of  the 
organs,  gives  an  equivalent  ramification,  and  in  the  arterial  trunks  and  branches 
the  rate  of  flow  of  the  stream  is  everA^where  equal.  The  homonomy  of  the 
ramification  is  again  restored,  although  the  arteries  are  undoubtedly  more 
dilated  than  usual. 

In  many  other  disturbances  of  circulation  similar  conditions  are  observed. 
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Where  tonic  innervation  is  not  sufficient,  however,  to  compensate  for  the 
disturbance  completely,  an  eccentric  or  concentric  growth  of  the  arteries  takes 
place,  so  long  as  the  arterial  wall  is  otherwise  perfect.  Where,  on  account  of 
disease  of  the  vessel  wall  or  of  excessive  disturbance  of  the  circulation,  this  is 
not  sufficient,  new  connective  tissue  forms  in  the  intima  of  the  arteries  and 
veins  which,  finally,  more  or  less  exactly  adapts  the  lumen  to  the  stream  of 
blood.  In  every  case,  however,  as  far  as  can  be  seen  at  present,  the  final 
result  of  disturbances  of  the  circulation  of  the  blood  will  be  the  restoration 
of  the  homonomy  of  the  ramification,  although  such  a  termination,  which 
would  come  near  to  complete  recovery,  is  not  often  reached  in  serious  diseases. 
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I.  Coagulation  of  Blood  and  Thrombosis 

The  blood  may  coagulate  within  or  without  the  vessels,  and  before  or 
after  death. 

The  process  of  coagulation,  according  to  the  investigations  of  Alexander 
Schmidt,  depends  on  the  chemical  union  of  two  albuminous  substances 
contained  in  the  blood,  namely,  fibrinogen  and  fibrinoplastin.  This  union 
takes  place  under  the  influence  of  a  special  fibrin  ferment. 

The  more  recent  researches  of  Freund,  Arthus,  and  Pages  show,  hoAvever, 
that  fibrinogen  and  fibrinoplastin  may  combine  without  the  intervention  of  a 
ferment,  whenever  an  excess  of  lime  salts  appear  in  the  blood  plasma. 

It  must  be  left  to  future  investigations  to  determine  which  of  these  views 
is  correct.  The  facts  which  Briicke,  Baumgarten,  and  Freund  have  established 
with  regard  to  the  jDhysical  conditions  necessary  for  coagulation  of  the  blood  are 
of  special  importance, for  pathological  anatomy.     Briicke  and  Baumgarten  shoAved 
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that  blood  contained  within  double-ligatured  healthy  vessels  coagulates  ex- 
tremely slowly.  It  may  remain  fluid  for  days,  even  for  weeks,  especially 
when  the  double-ligatured  vessel  is  left  in  the  body  of  a  living  animal. 

The  explanation  of  this  experiment  is  not  easy.  But  Freund  has  recently 
slioAvn  that  the  blood  may  also  remain  fluid  for  a  very  long  time  in  glass 
vessels  smeared  with  vaseline,  provided  decomposition  is  prevented.  Freund 
thinks  that  clean  glass  surfaces  that  have  not  been  lubricated  with  oil  destroy 
some  of  the  red  corpuscles  that  adhere  to  them,  dissolve  them,  and  in  this 
way  bring  about  coagulation.  Freund's  view  is  supported  by  what  is  observed 
in  counting  blood  corpuscles.  If  the  blood  is  mixed  Avith  one  hundred 
volumes  of  solution  of  common  salt,  and  the  number  of  cells  then  counted 
several  times  over,  it  is  found  that  there  is  a  gradual,  though  certainly  a 
small,  diminution  in  the  number  of  the  red  corpuscles. 

All  observers  are  agreed  that  the  solution  of  the  red  corpuscles  causes 
coagulation,  although  they  diff'er  as  to  the  explanation.  So  that  from  this 
experiment  but  little  can  be  concluded  as  regards  the  chemical  theory  of 
coagulation.  It  shows,  however,  that  apparently  unimportant  changes  in  the 
condition  of  the  vessel  wall  may  cause  coagulation,  and  this  result  is  confirmed 
by  the  observations  of  many  pathologists. 

Some  hours  after  death,  sometimes  sooner,  sometimes  later,  a  more  or  less 
extensive  coagulation  occurs  within  the  vessels  of  the  cadaver.  When 
coagulation  is  rapid  the  coagula  are  uniformly  dark  red,  resembling  the  masses 
of  clot  which  form  in  a  few  minutes  after  the  blood  has  escaped  from  the 
vessels.  If  the  iwd-mortem  coagulation,  however,  is  slower,  greater  differences  in 
the  colour  of  the  thrombus  appear.  The  red  blood  corpuscles,  being  specifically 
heavier,  sink  before  coagulation  begins.  Then  in  the  heart  and  in  the  larger 
vessels  the  upper  layers  are  transformed  into  soft,  yellowish,  huffy  coagula,  while 
the  deeper  layers,  which  now  contain  a  greater  number  of  red  corpuscles, 
appear,  correspondingly,  as  a  dark-red,  jelly-like  mass. 

Coagulation  of  blood  within  the  living  vessels  is  termed  thromhosis.  JFhite, 
red,  and  mired  thrombi  are  distinguished. 

Zahn's  researches  have  shown  that  the  condition  necessary  for  the 
formation  of  a  lohite  thrombus  is  a  moving  blood-stream.  The  marginal  zones 
of  the  blood-stream  in  the  larger  vessels  appear  to  be  free  from  red  cells.  If, 
therefore,  any  part  of  the  vessel  wall  is  so  altered  as  to  induce  coagulation,  the 
colourless  marginal  zones  coagulate.  Since  new  marginal  zones  which  are  free 
from  red  cells  continue  to  be  formed  round  the  thrombus,  the  thrombus  which 
continues  to  grow  remains  white,  so  long  as  it  does  not  completely  fill  the 
vessel  and  interrupt  the  blood-stream. 

This  fact  can  be  easily  demonstrated  if  the  tongue  of  a  curarised  frog  be 
stretched  on  a  suitable  apparatus,  then  continuously  irrigated  with  a  1|^  per 
cent  solution  of  salt,  and  thereafter  a  part  of  the  mucous  membrane  with  its 
papilla?  removed  by  means  of  a  knife.  At  the  mouths  of  the  arteries  and 
veins  divided  by  this  operation,  cauliflower-like  masses,  consisting  of  fibrin  and 
Avhite' corpuscles,  are  formed  in  a  few  minutes  (Fig.  187). 

The  continuous  coagulation  of  the  marginal  zone  of  the  escaping  blood- 
stream ultimately  closes  the  mouth  of  the  bleeding  vessel. 

Similar  thrombi  are  formed  on  the  wall  of  blood-vessels  Avhich  have  been 
injured  chemically  or  mechanically. 

In  such  cases  in  warm-blooded  animals,  as  is  shown  by  the  researches  of 
Bizzozero,  Eberth,  and  Schimmelbusch,  what  is  first  observed  is  the  adherence 
of  blood  -  platelets    to    the   wall  of   the   vessels.     The  blood  -  platelets  cohere 
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{conglutuiatmi)  and  form  small  heaps,  which  eventually  become  transformed 
into  a  more  or  less  coarsely  granular,  or  homogeneous,  firmly  cohering  mass 
{viscous  metamorphosis). 

Fibrin  masses  containing  varying  quantities  of  white  blood  corpuscles 
then  become  attached  to  these  masses  of  blood-plates  and  of  their  products. 

The  white  thrombus,  as  it  is  met  with  in  the  vessels  of  man,  consists 
similarly  of    laminated   or  irregularly  deposited,  homogeneous,  granular,  and 


m.  ■ 


FiG.  187,  a,  b. — Two  divided  arteries  from  the  tongue  of  the  frog  with  white  thrombus  aud  stream  of 
escaping  blood.     6,  Diagrammatic  longitudinal  section,    x  110. 


fibrillated  masses,  and  of  white  blood  cells  (Fig.  188).  Since  fibrin  may  be 
precipitated  both  in  threads  and  in  granules,  it  cannot  consequently  be  exactly 
determined  how  great  a  proportion  of  the  whole  is  formed  by  the  blood- 
platelets. 

Ii'ed  thrombi  arise  in  blood  that  has  come  to  a  standstill  or  is  stagnating, 
provided  that  the  other  conditions  favourable  to  the  formation  of  fibrin  are 
present.  Under  the  microscope  they  appear  as  a  close  aggregation  of  red 
l)lood   cells,    Avhich    are   interspersed  with   delicate,   and    occasionally  coarser, 
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threads  of  fibrin  (Fig.  189).     "White  lilood  corpuscles  are  present  in  this  mass 
at  very  irregular  intervals. 

The  mixed  thromhi>^  is  composed  of  red  and  white  thrombi.     Such  thrombi 


mm 


Fig.  188. — Keceut  pale  thrombus  iu  man,  x300. 

are  formed  if  white  thrombi  become  fissured,  so  that  red  blood  corpuscles  pene- 
trate between  its  layers  and  coagulate  there. 

The  red  thrombus  is  frequently  attached  to  the  white  thrombus  as  a  second- 
ary or  propagated  thrombus  when  the  latter  has  completely  occluded  the  vessel. 

After  this  short  description  of  the  structure  of  thrombi  and  the  general 


Fig.  189. — Recent  red  thrombus  in  man,  x300. 


conditions  of  their  formation,  it  seems  desirable  to  examine  some  special  forms 
of  thrombi  itiore  closely.  The  researches  of  Virchow  retain  their  importance 
in  this  respect,  although  very  considerable  advances  in  our  knowledge  have 
been  made   since  their  publication.      Virchow  particularly  pointed   out  that 
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slowing  of  the  blood -strecam  favours  the  development  of  a  thromlnis,  and  all 
subsequent  investigations  have  served  to  support  this  general  conclusion.     The 

important  part  jDlayed  Ijy  structural  changes  in  the  vessel 
wall  in  thrombosis  has,  however,  become  more  evident. 

If  a  medium-sized  blood-A^essel  is  carefully  ligatured, 
the  blood-stream  is  brought  to  a  standstill  as  far  as  the 
nearest  collateral  l:»ranch,  and  in  many  cases  a  thrombus 
is  formed  for  the  same  distance  {ligature  thromhvs).  This 
event  was  formerly  regai'ded  as  the  regular  consequence 
of  ligature  of  a  vessel.  Baumgarten  has  shown,  how- 
ever, that  in  perfectly  healthy  vessels,  when  suppuration 
is  prevented,  no  thrombosis  follows  the  ligation  if  the 
ligature  is  carefully  tied.  If,  on  the  other  hand,  the 
ligature  is  very  firmly  tied,  the  intima  of  the  artery  is, 
as  a  rule,  ruptured  round  the  whole  vessel,  while  the 
adventitia  and  media  remain  intact.  Along  the  circular 
rupture  of  the  intima  a  small  thrombus,  hardly  percept- 
i1)le  to  the  naked  eye,  is  formed  (Fig.  190),  l)ecause  the 
T)lood  here  comes  in  contact  with  the  tissues  of  the  media,  and  therefore  loses 
the  protection  afforded  by  the  endothelium  of  the  intima.  For  the  ultimate 
cicatrisation  at  the  point  of  ligature  these  small  thrombi  are  of  no  importance. 


Fin.  100. — Ligature  tlirom- 
biis  lonned  by  ru])ture 
of  intima  in  an  otherwise 
normal  artery,  x  40. 


A  different  result  follows  if  the  Avail  of  the  liga- 
tured vessel  shows  structural  changes,  whether  from 
the  occurrence  of  suppuration  in  the.  neighbourhood, 
or  from  an  alteration  of  the  endothelium  of  the  intima 
by  chronic  diseases  (arteriosclerosis).  In  these  cases, 
a  red  thrombus  is  sometimes  formed  in  the  stagnating 
blood  column  and  may  extend  to  the  next  collateral 
branch,  or  even  farther.  This  result  must  be  regarded 
as  altogether  undesirable,  since  it  hinders  the  ultimate 
cicatrisation  of  the  ligatured  spot.  The  parts  of  the 
vessel  included  by  the  ligature  break  down  within  a 
few  days,  the  ligature  cuts  through  the  vessel,  as  we 
say,  and  now  the  opening  of  the  vessel,  occluded  merely 
by  a  thrombus,  lies  free  in  the  wound. 

The  thrombus  may  break  down,  or  it  may  shrink,  and 
give  rise  to  the  dreaded  secondary  hemorrhage  which 
claimed  so  many  victims  before  the  introduction  of  the 
aseptic  treatment  of  wounds.  The  hsemorrhage  is,  how- 
ever, not  to  be  expected  in  every  case,  since  the 
thrombus,  as  will  be  shown  later,  may  be  replaced  by 
connective  tissue. 

The  term  parietal  thrombus  is  applied  to  a  thrombus 
which  has  its  seat  on  the  Avail  of  a  blood-vessel  (Fig. 
191).  A  careful  examination,  Avith  the  aid  of  the  micro- 
scope, of  course,  shoAvs  that  the  Avail  of  the  vessel 
underneath  the  thrombus  is  alAA^ays  diseased.  The 
intima  is  thickened  Avith  connecti\'e  tissue,  or  in 
places  denuded  of  its  endothelium,  perhaps  ulcerated. 
There  is  no  doubt,  hoAvever,  that  even  considerable  destruction  of  the  intima  does 
not  ahvays  cause  throm1)osis,  and  that  the  occurrence  of  thrombosis  is  materially 
favoured  if  the  vessel  at  the  same  time  presents   circumscribed  dilatations. 


Fig.  191.— Parietal  thrombu.s  of 
the  aorta  at  the  level  of  the 
origins  of  the  coeliac  axis 
and  superior  mesenteric 
artery.  One-third  natural 
size. 


PROTRACTED  THROMBUS 


283 


Virchow  was  therefore  justified  in  applying  the  term  dilatation  thrombus  to  the 
thrombus  which  is  so  frequently  met  with  in  those  dilatations  of  arteries  which 
are  termed  saccular  rupture-aneurisms.  In  these,  the  saccular  dilatations  of  the 
lumen  of  the  vessel  are  associated  with  smaller  or  larger  tears  in  the  inner 
layers  of  the  vessel  wall.  Slowing  of  the  blood- 
current  and  defects  of  the  endothelium,  there- 
fore, are  the  essential  factors  in  the  production 
of  thrombosis.  In  the  veins  thrombi  form 
frequently  on  the  valves.  The  coagulation 
begins  here  in  the  Avail  of  the  pocket  of  the 
valve  in  places,  therefore,  in  which  the  blood 
moves  comparatively  slowly  and  in  eddies  (Fig. 
192,  a,  b).  The  intima  of  the  wall  of  the  vein 
is  frequently  thickened  with  connective  tissue, 
and,  under  the  microscope,  may  also  show 
defects  in  the  endothelium.  In  other  cases, 
purulent  infiltration  of  the  wall  of  the  vein  is 
the  cause  of  the  thrombosis. 

Thrombi  beginning  on  the  valves  come  to 
project  from  the  pockets  by  the  deposit  of  new 
layers  of  coagula.  Eventually  the  lumen  of  the 
veins  becomes  completely  closed  (Fig.  192,  a). 
The  blood -stream  is  thus  interrupted,  and  the 
.stagnating  blood  gradually  coagulates  as  far 
as  the  nearest  collateral  branch  (projiagated 
thrombus).  While,  however,  the  valvular  throm- 
bus is  principally  white  in  colour,  since  it  is 
formed  from  the  blood  in  motion,  the  protracted 
thrombus  is  mostly  red  (represented  as  the 
black  shading  in  Fig.  192).  The  protracted 
thrombus  at  the  nearest  collateral  branch  comes 
in  contact  with  blood  in  active  circulation. 
Protracted  white  laminated  coagula  then  form 
on  the  rounded  projections  of  the  red  thrombi 
(Fig.  192,  r,  d).  When  these  enlarge  further 
they  occlude  the  mouth  of  the  collateral  vessel 
(Fig.  192,  c).  Then  a  red  thrombus  again 
forms  and  grows  towards  the  next  point  of 
division  of  the  vessel  (Fig.  192,  /,  e),  there 
becoming  covered  with  laminated  white  throm- 
bus masses.  In  this  manner  sometimes  a  very 
considerable  length  of  a  vein  may  be  thrown 
out  of  the  circulation. 

Many  diseases  which  cause  great  general 
weakness  and  require  long  continued  rest  in 
bed  are  occasionally  followed  by  the  formation 
of  thrombi  which  are  termed  marantic.      It  is  not  improbable  that  these  are 
principally  caused  by  the  slowing  of  the  blood  stream. 

Still,  experience  shows  that  this  slowing  of  the  blood-stream  is  not  sufficient 
to  account  for  thrombosis.  In  many  cases,  at  least,  lesions  of  the  vessel  wall 
can  be  demonstrated  at  the  same  time,  so  that  the  slowing  of  the  blood  is  only 
to  be  looked  upon  as  favouring  coagulation.     In  other  cases,  the  thromboses  are 


Fig.   192. — Schematic  section  of  a  throm- 
bosed vein.    Somewhat  enlarged. 
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manifestly  to  be  attributed  to  septic-pya?mie  infection,  and  such  septic-pygemic 
lesions  very  commonly  occur  as  complications  of  other  diseases  which  greatly 
lower  the  general  nutrition. 

But  there  are  infective  diseases  which  frequently  cause  thrombosis  in 
the  absence  of  other  morbid  processes,  and  the  infective  thrombus  may  therefore 
be  regarded  as  a  well-marked  and  frequently  occurring  form.  Among  these  may 
be  specially  mentioned  suppurations  in  the  neighbourhood  which  more  or  less 
involve  the  wall  of  the  artery  and  vein.  Thrombi  are  thus  formed  in  the 
vessels  in  deep-seated  suppurations  in  the  soft  parts,  in  the  ligatured  main 
vessels  of  stumps  after  amputation,  and  in  the  arteries  and  veins  of  the  umbilical 
cord  of  the  new-born  child.  In  other  cases,  it  must  be  assumed  that  pathogenic 
micro-organisms  circulating  in  the  blood  settle  down  upon  some  part  of  the 
vessel  wall,  and  produce  changes  which  give  rise  to  thrombosis.  In  this  way, 
for  example,  many  thromboses  of  the  ductus  Eotalli  in  septic-pysemic  infections 
of  the  newly-born  are  to  be  explained.  As  a  rule,  the  thrombus  is  infiltrated 
by  micro-organisms,  so  that  it  becomes  an  important  means  of  general  infection. 
There  is  hardly  a  spot  in  the  vascular  system  in  which  thromboses  do  not 
occasionally  occur.  They  are  decidedly  most  frequent  in  the  femoral  veins,  the 
Avails  of  which  are  so  frequently  altered  by  chronic  diseases,  in  the  vferine  veins 
after  child-birth,  in  the  sinuses  of  the  chira  water  after  purulent  destruction  of 
the  inner  ear,  and  lastly,  in  the  chambers  of  the  heart  in  diseases  of  the  endo- 
cardium. These  and  other  thromboses  will  be  considered  at  length  in  the 
special  part.     At  present  we  shall  discuss  the  further  fate  of  the  thrombus. 

The  thrombus  preserves  the  above -described  structure  for  only  a  short 
time.  Manifest  changes  set  in  Avithin  a  very  few  days  after  its  formation. 
These  are  very  various,  and  five  distinct  forms  may  be  distinguished  :  hyaline- 
gramilar  transformation,  '■^organisation,"  or  replacement  hj  connective  tissue,  calcification, 
simple  sofiening,  and  imriform  liquefaction. 

The  hyaline-granular  transfimnation  begins  with  the  breaking  down  of  the 
cellular  elements  contained  in  the  thrombus,  the  white  and  red  corpuscles. 
The  htemoglobin  in  the  latter  is  dissolved,  diffuses  into  the  masses  of 
fibrin  in  the  neighbourhood  and  disappears.  From  this  disappearance  of  the 
hemoglobin  one  cannot,  however,  in  any  way  conclude  that  it  must  be  absorbed 
without  further  change  by  the  neighbouring  vessels.  It  is  much  more  probable 
that  the  dissolved  haemoglobin  undergoes  locally  a  chemical  transformation  into 
colourless  substances,  the  further  fate  of  which  cannot  be  traced  histologically. 
Subsequently,  the  mass  of  the  thrombus — cells,  fibrin,  and  blood-platelets — 
becomes  a  granular  mass,  in  which  the  granules  become  increasingly  fine  and 
ultimately  translucent,  homogeneous,  and  hyaline.  The  thrombus  thus  shrinks, 
becomes  smaller  and  more  solid.  Within  it  large  and  small  fissures  arise  which 
generally  correspond  to  the  original  lamination  of  the  thrombus  (Fig.  193). 
Blood  may  again  penetrate  into  the  fissures  and  coagulate  afresh  within  them. 

Old  thrombi,  therefore,  not  infrequently  contain  striated  and  reticulated 
deposits  of  freshly  coagulated  blood.  Lastly,  it  very  frec[uently  happens 
that  the  peripheral  zones  of  older  thrombi  which  have  become  more  or  less 
hyaline  and  granular  are  interspersed  with  wandering  cells  which  have  come 
from  the  vasa  propria  of  the  vessel  wall  (vasa  vasorum),  Fig.  194. 

The  thrombus  becomes  so  much  reduced  in  size  by  these  processes  that 
the  lumen  of  a  vessel  which  has  been  completely  closed  by  a  throml)us  may 
frequently  be  reopened.  The  thrombus  may  then  be  washed  away  by  the 
blood-stream.     As  a  rule  it  adheres  firmly,  at  some  points,  to  the  vessel  wall. 

From  such  points  of  adhesion  the  mass  of  the  thrombus  becomes  vascularised 
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and  gradually  replaced  by  connective  tissue — a  process  which  is  of  great  interest  in 
general  pathology.  A  better  opportunity  can  hardly  Ije  found  anywhere  for 
investigating  the  pathological  new  formation  of  connective  tissue  in  its  relation 
to  the  new  formation  of  capillaries. 

The  thrombus  in  this  case  shows,  in  transverse  section,  the  appearance 
shown  in  Fig.  195,  as  is  proved  hy  the  researches  undertaken  by  Heuking  and 
myself  on  this  subject.  The  lumen  of  the  vessel  has  been  reopened  and 
appears  in  the  form  of  a  sickle-shaped  fissure.  Starting  from  the  spot  at  which 
the  thrombus  adheres  to  the  vessel  wall,  a  thin  layer  of  endothelium  next 
spreads  over  the  thrombus.  This  can  be  readily  recognised  in  Fig.  195.  It 
soon  invests  the  whole  of  the  thrombus,  while  luiderneath  it  a  zone  of  connective 
tissue  develops,  which  is  also  very  evident  in  Fig.  195. 

This  formation  of  connective  tissue  underneath  the  endothelial  investment 
of  the  thrombus  appears  as  the  result  of  the  proliferation  of  this  endothelivun. 
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Fia.  194.— Thrombus  in  the  femoral  artery  after 
amputation  of  tlie  tliigli.  Tlie  tlirombus  is 
hyaline,  ami  penetrated  by  a  few  leucocytes. 
X  300. 


Fig.  193.— Old  thronibu.s  of  the  popliteal  vein,  x  310. 


The  endothelial  cells  divide,  the  young  newly-formed  cells  penetrate  into  the 
thrombus  and  secrete  an  intercellular  substance.  In  Fig.  195  this  newly- 
formed  layer  of  connective  tissue  which  begins  to  form  on  the  surface  of  the 
thrombus  appears  thicker  near  the  points  where  the  thrombus  adheres,  and 
becomes  thinner  farther  away  from  this  point.  Eventually  it  is  reduced  to  a 
simple  layer  of  endothelial  cells. 

At  the  same  time  the  thrombus  mass  becomes  vascularised  from  the  vasa 
vasorum  on  the  one  hand,  and  from  the  endothelial  investment  on  the  other. 

The  endothelial  investment  of  the  thrombus  sends  processes  downwards 
into  the  thrombus  which  become  transformed  into  capillaries  (Fig.  196). 

Connective  tissue  grows  round  the  capillaries  in  the  same  manner  as  under 
the  superficial  investment  of  the  thrombus,  and  forms  an  adventitia  to  them. 
This,  however,  increases  in  thickness,  while  the  remains  of  the  thrombus  which 
lie  between  the  newly-formed  capillaries  disappear,  presumably  by  absorption. 
The  great  importance  of  this  discovery  consists  in  the  fact  that  the  new 
connective  tissue  represents  a  proliferation  of  the  wall  of  the  vessel,  and  that 
there  is  no  transformation  of  emigrated  white  corpuscles  into  connective  tissue. 
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as  was  previously  believed  on  the  strength  of  Ziegler's  researches.  Some 
wandering  cells  are  certainly  found  in  thrombi  in  the  neighbourhood  of  newly- 
formed  capillaries,  and  are  undoul)tedly  to  be  regarded  as  emigrated  leucocvtes. 
Their  nvimber,  in  simple,  non-infective  thrombi,  at  least,  is  so  small  that  thev  do 
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Fig.  195. — "  Orgauisation  "  of  a  thrombus  in  the  femoral  vein,  x  12. 

not  hinder  the  exact  investigation   of  the   processes  of  proliferation  of  the 
endothelium  of  the  vessel. 

At  the  places  at  which  a  thrombus  adheres  to  the  wall  of  an  artery  or  a 
vein,  loops  of  vessels  develop  from    the    vasa   vasorum   and   grow   into  the 


Fig.  190. — Endothelial  investment  of  a  thrombus,  ami  formation  of  new  capillaries  from  it,  x  400. 

thrombus  (Fig.  195).  Round  these  loops  connective  tissue  also  forms,  exactly 
as  round  the  capillaries  which  have  arisen  from  the  endothelium  covering  the 
thrombus.  Then  the  important  time  approaches  in  Avhich  the  vessel  loops, 
derived,  on  the  one  hand,  from  the  vasa  vasorum  of  the  vessel  wall,  and,  on  the 
other  hand,  from  the  endothelial  covering  of  the  thrombus,  meet  each  other. 
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So  soon  as  this  union  is  eftected,  the  conditions  for  a  complete  vascular  supply 
of  the  thrombus  are  present.  If  it  is  a  vein  that  is  thrombosed,  then  the  blood 
from  the  small  arteries  of  the  vessel  wall  flows  by  newly -formed  channels 
through  the  thrombus  into  the  reopened  lumen.  If,  on  the  other  hand,  the 
thrombus  is  in  an  artery,  it  is  to  be  expected  that  the  blood  will  flow  from  the 
established  lumen  of  the  artery  into  the  venous  \asa  propria  of  its  wall.  Such, 
at  least,  are  the  conclusions  which  may  be  drawn  from  histological  investigation. 
The  thrombus  has,  however,  now  become  considerably  smaller  (Fig.  197). 
A  considerable  part  of  the  coagulum  has  become  absorbed  and  replaced  by  con- 
nective tissue  which  gradually  undergoes  cicatricial  contraction.  While  the 
contraction  is  in  progress  the  volume  of  the  tissue  found  in  the  vessel  lumen 
continues  to  diminish  steadily.  It  eventually  appears  merely  as  a  cicatricial 
thickening  of  the  vessel  wall,  or  as  a  narrow  cicatricial  strand  which  is  attached 


Fig.  197.— Thrombosed  vein.    Thrombus  nearly  completely  replaced  by  connective  tissue  ("organised") 

and  vascularised.    Schematic. 


to  various  parts  of  the  vessel  wall.  The  lumen  of  the  vessel  is  thereby  always 
more  or  less  distorted  and  narrowed.  Whether  these  strands  become  completely 
reabsorbed  and  disappear  in  process  of  time  is  an  open  question,  which,  hoAvever, 
may  be  answered  in  the  affirmative  in  some  cases  of  arterial  thrombi  which 
have  been  replaced  by  cicatricial  tissue. 

The  old  lumen  of  the  vessel  is  not  always,  however,  reopened  to  any 
great  extent  after  complete  occlusion  by  thrombus.  In  Fig.  198  this  has 
happened  only  to  a  very  small  extent  in  the  uj^per  left-hand  side  of  the  figure. 
Therefore  the  vascularisation  and  replacement  of  the  thrombus  by  connective 
tissue  is  derived  almost  exclusively  from  the  vasa  vasorum  in  such  a  case. 

The  centre  of  the  thrombus  appears  clearer  because  the  ha?moglobin  has 
almost  completely  disappeared,  while  in  the  peripheral  part  of  the  thrombus  it 
has  mostly  remained,  and  is  represented  of  a  darker  colour  in  the  figure.  In  the 
chapter  on  ha^matogenous  pigmentation  it  will  be  more  fully  shown  that  prob- 
ably the  want  of  free  oxygen  is  the  cause  of  the  decolorisation  of  the  central 
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portions  of  the  thrombus.  The  further  fate  of  such  occluding  thrombi  is  easily 
understood  from  the  previous  description.  The  masses  of  coagula  are,  in  time, 
completely  absorbed  and  replaced  by  the  vessels  and  new  connective  tissue 
Avhich  penetrate  them. 

The  changes  which  follow  ligature  of  arteries  and  veins  are  of  special  practical 
interest.  As  already  mentioned,  the  thrombi  which  develop  in  such  cases 
may  be  small  or  large.  These  may,  like  other  thrombi,  soften  and  break  down, 
and  if  the  vessel  wall  break  doAvn  at  the  same  time,  secondary  haemorrhage  may 
occur.  If  such  softening,  which  mostly  depends  on  septic-pya?mic  infection,  do 
not  occur,  the  thrombus  will  be  absorbed  after  a  shorter  or  longer  time  and 
replaced  by  newly-formed  tissue.  The  researches  of  "Waldeyer,  Thiersch,  Riedel, 
Baumgarten,  Auerbach,  Pfitzer,  Kaab,  Zahn,  and  Pick  have  shown  that  the  newly- 
formed  tissue  is  in  part  derived  from  the  endothelium  of  the  ligatured  vessel, 
and  in  part  penetrates  from  Avithout  into  the  lumen  of  the  vessel.     A  general 


Fig.  19S. — "Organisation'  of  thrombus  in  the  femoral  vein,  x  10. 


vieAv  of  these  processes  is  giA^en  in  the  diagrams  of  Fig.  199,  Avhich  have  been 
constructed  from  a  perfectly  continuous  series  of  sections  by  my  assistant,  Dr. 
Sokoloff.  These  reconstructions  are  so  far  diagrammatic,  that  the  Avascular 
tAvngs  Avhich  are  found  in  the  tissue  Avithin  the  ligatured  artery  are  mostly 
projected  on  longitudinal  section. 

This  was  necessary  in  order  to  shoAV  the  connections  of  the  neAvly-formed 
vascular  ramifications. 

The  conditions  are  most  simj^le  Avhen  the  ligature  heals  in  AA'ithout  inter- 
rupting the  continuity  of  the  vessels  (Fig.  199,  c).  In  this  case  the  lumen  of 
the  vessel  is  found  closed  by  vascular  connective  tissue  Avithin  tAventy-one  days 
of  the  ligature.  A  part  of  this  connective  tissue  Avhich  shoAvs  concentric 
lamination  is  a  product  of  the  endothelial  lining  Avhich  has  extended  from  the 
Avail  of  the  artery  over  the  small  thrombus.  BeloAv  this  laminated  connective 
tissue  there  is  seen  in  the  figure  a  uniformly-shaded,  vascular,  connective  tissue 
AA^hich  has  replaced  the  small  thrombus. 

The  conditions  are  different  AA'hen  the  ligature  is  so  firmly  tied  that  the 
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underlying  part  of  the  vessel  is  deprived  of  its  nutrition.  A  small,  annular 
zone  of  the  artery  dies  and  is  absorbed.  The  ligature  cuts  its  way  through,  and 
the  lumen  of  the  artery  is  closed  by  vascular  granulation  tissue,  which,  in  Fig. 
199,  a,  h,  is  indicated  by  uniform  shading.  A  layer  of  connective  tissue  con- 
centric with  the  wall  of  the  vessel  has  developed  at  the  same  time  from  the 
endothelial  lining  of  the  artery,  and  is  the  principal  factor  in  the  occlusion  of 
the  vessel  (Fig.  199,  a,  h).  This  tissue,  along  with  the  granulation  tissue  which 
has  penetrated  from  without,  has  completely  replaced  any  thrombus.  At  least, 
no  trace  of  a  thrombus  can  be  found  any  longer.  The  circulation  in  the  con- 
nective tissue  Avhich  closes  the  artery  has  developed  in  the  Avay  first  descril^ed 


Fig.  109.— Longitudinal  section  of  three  ligatured  femoral  arteries  of  the  dog  (reconstructed  from  a  continuous 
series  of  transverse  sections),  a.  Sixty  days  after  ligature,  x  40  ;  6,  seventy-flve  days  after  ligature, 
X  40  ;  c,  twenty-one  days  after  ligature,    x  20. 


by  Weber  and  Kocher.  The  l^lood-stream  goes  from  the  lumen  of  the  artery 
into  new  capillaries,  and  from  them  into  the  neighbouring  vessels. 

In  the  experiments  from  which  Fig.  199  was  derived  the  healing  processes 
had  not  yet  reached  their  final  stage.  The  researches  of  Nadeschda  Schulz, 
made  under  the  direction  of  Langhans,  have  shown  that  the  new  connective 
tissue  spreads  gradually  along  the  lumen  of  the  vessel  even  beyond  the 
nearest  collateral  branch.  Since  then  I  have  been  a1)le  to  indicate  the  processes 
by  which  the  vessel  lumen  again  becomes  adapted  to  the  1  jlood  -  stream ;  l>ut 
these  will  be  considered  along  with  the  local  ansemias  produced  by  vascular 
occlusion. 

Calcification  is  a  common  occurrence  in  thrombi.     The  calcareous  thrombi 
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then  appear  in  small  veins  and  arteries  as  phleboIWis  and  arferioUths.  The 
first  occur  very  much  more  frecjuently,  especially  in  the  venous  plexuses  of 
the  pelvis  and  in  the  splenic  veins. 

Softeninri  of  a  thrombus  converts  it  into  a  pulpy,  dirty -coloured  mass. 
In  many  cases  softening  seems  to  occur  without  the  intervention  of  microbes. 
This  is  termed  simple  softening.  It  is  to  be  inferred  that  unorganised  ferments 
contained  in  the  thrombus  have  produced  the  softening.  It  is,  however,  very 
ditticult  to  completely  exclude  the  action  of  micro-organisms,  since  it  is  now 
recognised  that  in  man  the  tissues  and  tissue  juices  possess  bactericidal  pro- 
perties. Therefore  if  a  softened  thrombus  is  found  free  from  microbes,  it  might 
be  quite  possil)le  that  these  were  previously  present,  but  had  disappeared 
before  the  time  of  the  examination.  There  can,  however,  be  no  doubt  that  many 
softened  thrombi  possess  no  well-marked  septic  properties.  This  fact  has  led  to 
the  use  of  the  term  simple  softening.  This  question  will  be  again  gone  into  in 
the  consideration  of  the  conversion  of  thrombi  into  emboli. 

The  puriforin  softening  of  a  thrombus  cannot,  in  many  cases,  be  distinguished 
Math  the  naked  eye  from  the  simple  softening.  The  importance  of  puriform 
softening  consists  in  the  presence  of  putrefactive  and  pyogenic  organisms, 
Avhether  these  were  already  present  in  the  coagulating  blood,  or  penetrated  into 
the  thrombus  from  Avithout  through  the  vessel  wall.  The  thrombus  is  con- 
verted partly  or  wholly  into  yellow,  creamlike,  or  dirty,  more  or  less  fluid 
(Uhris,  Avhich  is  sometimes  foetid.  It  appears  that  the  fibrin  is  dissolved  in  a 
manner  quite  similar  to  that  which  takes  place  in  ordinary  pus  formation. 
Under  the  microscope  such  softened  masses  appear  as  granular  detritus.  In  all 
cases  the  wall  of  the  vessel  appears  infiltrated  with  pus.  The  piu:ulent 
infiltration  and  the  consequent  disintegration  of  the  wall  of  the  vessel  is  either 
the  consequence  or  the  cause  of  the  puriform  softening  of  the  thrombus.  If 
the  blood  which  coagulated  and  formed  the  thrombus  Avas  already  infected, 
the  softened  clot  then  contains  poisonous  substances  which  induce  suppuration 
in  the  vessel  wall.  If,  on  the  other  hand,  suppuration  makes  its  way  to  the 
vessel  wall  from  without,  and  thus  leads  to  its  piu-ulent  infiltration,  a  thrombus 
forms  in  the  lumen  of  the  A'essel.  This  is  then  infected  from  without  and  under- 
goes piu'iform  softening.  This  also  occurs  if  suppuration  develops  in  the  neigh- 
bourhood of  an  already  thrombosed  vessel. 

The  softening  of  a  throml>us,  l>oth  simple  and  puriform,  very  greatly 
reduces  the  consistence  of  the  thrombus,  even  when  only  the  central  parts  of 
the  thrombus  break  down.  Such  a  thrombus  frequently  crumbles  down, 
especially  during  violent  exertion,  and  its  fragments  and  dehris  are  swept  away 
by  the  blood-stream.     The  condition  termed  embolism  is  thus  produced. 
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II.  Embolism 

Our  knowledge  of  em])olism  owes  its  origin  and  a  large  measure  of  its 
fm^ther  development  to  the  histological  and  experimental  researches  of  Virchow. 
By  embolism  is  meant  the  transport  of  larger  or  smaller  masses,  which  do  not 
mix  homogeneously  with  the  blood,  from  the  trunks  into  the  branches  and 
capillaries  of  the  vascular  system.  These  masses  are  of  course  carried  off  by 
the  blood -current.  The  transported  masses,  or  emboli,  vary  very  greatly  in 
character.  The  following  varieties  are  the  most  important : — Firm  fragments  or 
softened,  semi-fluid  portions  of  thrombi ;  fragments  of  tissue,  such  as  portions  of 
heart- valves,  fatty  tissue,  liver  cells,  and  fragments  of  tumours ;  pigment,  air, 
foreign  bodies  of  various  kinds. 

The  dissemination  of  emboli  in  the  vascular  system  may  take  place  in  many 
cases  without  any  striking  symptoms.  Only  in  passing  through  the  heart  they 
occasionally  produce  very  transient  irregularities  of  its  action,  which  are  mani- 
festly due  to  the  mechanical  action  of  the  embolus  on  the  endocardium.  The 
result  is  very  different,  however,  if  the  embolus  gives  off  poisonous,  and  especially 
fever-producing,  substances  in  considerable  amount  into  the  blood-stream.  The 
most  important  of  these  are  the  portions  of  softened  thrombus,  whose  passage 
along  the  blood-stream  tends  to  produce  rigors,  indicating  a  sudden  attack  of  fever. 
In  some  cases  such  an  attack  of  fever  may  pass  off  rapidly  without  further 
consequences.  It  is  then  likely  that  there  were  either  no  pathogenic  bacteria 
in  the  softened  thrombi,  or  that  these  were  only  slightly  virulent  and  were 
destroyed  by  the  bactericidal  action  of  the  blood.  In  most  cases  these  attacks  of 
fever  are  produced  by  septic  and  pya^mic  thrombi.  Therefore,  the  rigor 
indicates  the  beginning  of  a  septic  or  pysemic  intoxication  or  infection,  and  is  a 
sign  of  most  ominous  import  for  the  life  of  the  patient. 

As  a  rule,  the  emboli  are  carried  in  the  direction  of  the  normal  blood-current. 
They  thus  reach  almost  any  part  of  the  circulation.  The  distance  travelled, 
however,  depends  directly  on  the  size  of  the  emboli.  It  appears,  therefore,  better 
for  our  purpose  to  consider  the  transport  of  larger  emboli  independently  of 
that  of  such  small  emboli  as  may  be  able  to  pass  through  all,  or,  at  any  rate, 
some  of  the  capillary  networks. 

I.  The  source  of  the  larger  emboli  is,  as  shown  by  Virchow,  to  be  looked 
for  in  thrombosed  veins.  Such  emboli  are  carried  by  the  blood-stream  from  the 
systemic  veins  through  the  heart  into  the  pulmonary  arteries,  in  the  branches 
of  which  they  become  firmly  wedged.     This  also  happens  with  thrombi  which 


292 


LARGE  EMBOLI 


are  formed  in  the  right  auricle  or  ventricle  of  the  heart  and  are  then  swept 
away  by  the  blood-current.  Such  emboli  are  found  later  at  the  points  where 
the  pulmonary  arteries  branch  (Fig.  200),  consequently  at  points  where  the 
artery  becomes  suddenly  narrowed  by  its  division.  They  generall}^  ride  on 
the  point  of  division  and  obliterate  the  lumen  of  at  least  one  of  the  branches 
formed.  Sometimes  one  of  the  branches  is  so  small  that  it  may  escape 
observation  (Fig.  200).  Sometimes  the  embolus  fills  only  one  branch  of  the 
artery  if  it  becomes  rapidly  narrowed  by  giving  off"  a  number  of  very  small 
lateral  twigs.  The  embolus,  which  frequently  shows  the  structure  and  the 
firm  consistence  of  an  old  thrombus,  then  becomes  enclosed  in  a  more  recent 
protracted  thrombus. 

Such  embolic  occlusion  of  vessels  causes  local  disturbances  of  circulation 


Fig.  200. — Emboli  in  brandies  of  the  pulmonary  artery.    The  uppermost  embolus  more  firmly  adherent  to  the 

wall  and  contracted.     Somewhat  reduced. 

and  of  tissue  nutrition  which  will  be  subsequently  considered.  The  embolus, 
when  it  consists  of  a  portion  of  a  thrombus,  undergoes  either  simple  or  puriform 
softening,  or  hyaline  granular  transformation,  with  subsequent  replacement  by 
connective  tissue,  exactly  in  the  same  manner  as  thrombi  which  remain  at  the 
spot  where  they  are  formed.  Eventuallj',  after  complete  replacement  by  con- 
nective tissue,  there  usually  remain  only  a  few  cicatricial  bands  which  cross 
and  deform  the  lumen  of  the  vessel  (Fig.  201). 

A  friable  embolus  frequently  becomes  shattered  against  the  point  of 
division  of  the  artery.  This  may  also  happen  in  the  pulmonary  artery  and 
produce  multiple  emboli  of  separate  vascular  areas,  which  are  usually  accom- 
panied by  specially  grave  disturbances  of  the  circulation.  It  may  likewise 
hajipen  that  the  trunk  of  the  pulmonary  artery,  or  its  two  branches,  may  be 
occluded  by  a  large  thrombotic  mass — an  occurrence  which  Avill,  of  course,  cause 
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sudden  death.  Emboli  which  occkide  the  wide  himeii  of  the  pulmonary 
artery  frequently  arise  in  relatively  narrow  veins  which  have,  however,  been 
thrombosed  for  a  considerable  length.  The  embolus,  remarkable  for  its  great 
length,  is  then  bent  by  the  blood  -  current  into  sharp  kinks  within  the 
pulmonary  artery,  so  that  the  whole  mass  completely  fills  the  lumen.  Fig.  202 
shows  such  an  occlusion  of  the  stem  of  the  right  pulmonary  artery.  (The 
embolus  thus  bent  upon  itself  passed  an  extraordinarily  long  distance  into  the 
principal  branch  of  the  right  pulmonary  artery,  several  of  the  other  branches 
of  which  were  at  the  same  time  occluded  by  emboli.  There  was,  at  the  same 
time,  a  similar  occlusion  of  all  the  principal  branches  of  the  left  pulmonary 
artery.  The  emboli  started  from  the 
greatly  dilated  veins  of  the  left  lower 
extremity.) 

Larger  thrombi  of  the  pulmonary 
veins,  the  left  auricle  and  ventricle,  and 
also  parts  of  the  cardiac  valves  may  be 
detached  and  carried  to  the  branches  of 
the  aorta.  Thrombi  in  the  radicles  of 
the  portal  veins  are  carried  into  the 
liver.  In  these  cases  the  emboli,  as  a 
rule,  follow  the  normal  direction  of  the 
blood  -  stream.  When  the  direction  of 
the  blood -stream  is  distui'bed,  there  are 
corresponding  changes  in  the  paths  taken 
by  the  emboli.  Defects  in  the  septa 
of  the  heart  are  sometimes  followed  by 
the  passage  of  emboli  from  one  side  of 
the  heart  to  another.  Thus  they  may 
be  carried  from  the  systemic  veins 
throush  a  defect  in  the  inter-auricular 
or  inter-ventricular  septum  into  the  left 
heart,  in  which  case  they  are  termed 
paradoxical  or  crossed  emboli  (Cohnheim, 
Hauser,  Zahn).  It  occasionally  happens, 
also,  that  larger  or  smaller  emboli  may 
be   carried  backwards  within  the  veins 

into    their  branches,  if,  owing   to   sudden    pj^  201. -cicatricial  bands  in  the  branches  of  the 

disturbances    of    circulation,     recurrent 

streams  arise  in  the  veins  (Cohn,  Heller, 

V.  Recklinghausen,  Bonome,  J.  Arnold). 

These  retrograde  or  recurrent  emboli  are  certainly  rare  occurrences,  to  which  too 

great  importance  used  to  be  attributed  in  the  explanation  of  liver  abscesses 

produced  by  emboli.     (This  will  be  referred  to  later.) 

II.  Smaller  emboli,  the  size  of  which  permits  them  to  pass  through  the 
capillaries  without  hindrance,  do  not,  however,  remain  permanently  in  the 
circulation.  They  are  easily  dissolved,  or  are  gradually  deposited  in  the 
capillaries  of  various  organs.  The  place  where  they  ultimately  settle  is 
independent  of  their  point  of  entrance  into  the  blood.  They  become  divided 
within  the  blood-stream  and  then  settle  in  scattered  capillary  areas,  preferably, 
however,  in  the  liver,  spleen,  and  bone-marrow.  This  fact  is  most  completely 
explained  by  the  researches  of  Hoffmann  and  v.  Eecklinghausen,  Ponfick, 
Hoffmann  and  Langerhans,  Kunkel  and  Siebel  on  the  ultimate  destination  of 


pulmonary  artery— the  remains  of  an  "organised  " 
embolus.  (A  sound  has  been  passed  below  the 
strand  of  connective  tissue.) 
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Fig.  202. — Embolus  originating  in  the 
veins  of  tlie  left  lower  extremity 
occluding  the  main  trunk  of  the 
pulmonary  artery.  Slightly  re- 
duced. 


free  pigment  granules  in  the  blood.  These  are  partly  taken  up  by  leucocytes 
and  pass  along  with  them,  or  even  free,  into  the  tissues  of  organs,  preferably 
into  the  liver,  the  spleen,  and  bone-marrow.  They  are  also  frequently  found 
in  the  tonsils,  within  the  wandering  cells  which  here  pass  through  the 
squamous  epithelium  (Ph.  Stohr). 

Fragments  of  thrombi  that  have  undergone  puriform  softening  are  carried  off 

in  the  same  manner,  as  is  shown  by  the  abscesses 
which  they  produce.  Such  abscesses  are  gener- 
ally small,  miliary,  or  of  the  size  of  millet-seeds. 
Miliary  abscesses  may  be  found  occasionally  in 
all  organs,  but  select  the  liver  s^Decially,  where 
they  often  become  fused  into  larger  abscesses. 
Under  such  circumstances  the  spleen  and  the 
bone-marrow  are  also  relatively  frequently  the  seat 
of  abscesses. 

With  reference  to  the  abscesses  produced  by 
the  pathogenic  organisms  contained  in  emboli 
derived  from  thrombi  which  have  undergone 
puriform  softening,  it  is  also  of  interest  to  learn 
that  non-pathogenic  organisms  which  have  been 
introduced  into  the  blood  become  lodged  in  the 
liver,  in  the  spleen,  and  in  bone-marrow  (Fliigge 
and  Wyssokowitsch).  Here  they  soon  die  off  and 
disappear.  They  do  not  pass  into  the  urine  so 
long  as  the  kidneys  are  sound. 
The  cells  of  tumours  may  also  sometimes  pass  into  the  blood-stream  and  are 
carried  along  with  it.  It  is  most  easy  to  demonstrate  the  passage  of  the  cells 
of  a  melanotic  sarcoma,  which  are  distinguished  by  their  dark  colour,  into  the 
capillaries  of  the  liver  (Fig.  203).  It  appears  that  such  wandering  tumour 
cells  may  settle  and  undergo  un- 
limited proliferation.  The  develop- 
ment of  secondary  metastatic  growths 
in  the  most  various  organs  is  observed 
in  the  case  of  many  malignant 
tumours.  These  tumour  masses  again 
select  in  a  striking  manner  the  lungs, 
liver,  spleen,  and  bone -marrow,  so 
that  there  can  be  no  doubt  that  the 
metastasis  of  tumours  in  many  cases 
is  due  to  the  dissemination  of  larger 
or  smaller  fragments  of  tumour  by  the 
blood-vessels.  In  other  cases,  how- 
ever, an  analogous  metastasis  of  tum- 
ours takes  place  through  the  lymph-stream. 

Fat  and  air  emboli  must  be  mentioned  as  sjiecial  varieties.  Fat  emboli 
in  the  form  of  fat  droplets,  more  rarely  of  fat  cells  (Zenker,  Wagner,  Busch, 
v.  Recklinghausen,  Klebs,  Czerny,  Flournoy,  Scriba,  Jolly),  occur  parr 
ticularly  after  extensive  disintegration  of  fatty  soft  parts  and  bone-marrow,  and 
therefore  sometimes  accompany  fractures  of  bone.  Fat  enters  the  torn  veins, 
is  carried  along  the  blood-stream,  and  enters  the  lungs,  mostly  in  the  form  of 
small  droplets.  One  part  of  the  fat  passes  through  the  pulmonary  capillaries 
and  is  disseminated  through  the  systemic  circulation.     This  process  becomes  of 


Fig.  203. — Cells  from  a  primai-y  melanotic  sarcoma  of 
the  skin  in  the  capillaries  of  the  li\'er,  x  320. 
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special  importance  if  considerable  quantities  of  fat  reach  the  lung  and 
embarrass  the  circulation,  or  if  a  part  of  the  fat  occludes  the  vessels  of  vital 
organs,  such  as  the  brain  or  the  heart.  If  the  disturbance  passes  by  without 
serious  consequences,  the  fat  is  gradually  dissolved  in  the  alkaline  blood,  and 
in  part  also  excreted  through  the  kidneys  (Riedel). 

This  accident  has  grave  results  if  pus  and  putrefactive  fragments  of  tissue 
pass  into  the  blood -current  along  with  the  fat,  for  these  cause  septic  and 
pyaemic  intoxications  and  infections. 

The  form  of  acute  septic  intoxication  which  most  frequently  results  is 
oedema  of  the  lungs.  This  is  due  to  a  copious  escape  of  the  fluid  constituents 
of  the  blood  into  the  lung  tissue,  and  often  causes  death  by  preventing  the 
interchange  of  gases  in  respii'ation. 

In  some  cases  fat  emboli  develop  when  the  endothelial  cells  have  become 
fatty  and  disintegrated,  and  then  have  been  washed  away  by  the  blood-stream, 
or  if  fat  forms  in  softened  thrombi  and  escapes  into  the  blood  when  the 
thrombus  breaks  down. 

Air  emboli  arise  especially  in  consequence  of  injuries  to  the  veins  near  the 
thorax.  In  such  cases,  by  forced  respiratory  movements  air  may  be  aspirated 
through  the  open  mouths  of  the  veins  and  be  carried  along  with  the  blood-current. 

If  a  considerable  amount  of  air  be  taken  up  into  the  blood  in  this  Avay,  the 
air  closes  the  pulmonary  capillaries  in  the  form  of  small  bubbles.  The 
blood  within  the  heart  becomes  frothy,  and,  by  its  elasticity,  greatly  impairs 
the  action  of  the  heart,  and  may  cause  rapid  death  by  interrupting  the 
circulation.  The  danger  of  air  aspiration  and  of  air  embolism  should  be  borne 
in  mind  in  performing  tracheotomy  for  angina  maligna  (diphtheria)  and  the 
diseases  of  the  organs  of  the  neck  tending  to  produce  suffocation. 

The  occlusion  of  large  or  small  vessels  by  emboli  may  lead  to  disorders 
of  the  circulation  and  of  the  nutrition  of  the  tissues. 

The  general  circulatory  disturbances  produced  by  emboli  have  already  been 
mentioned.  Those  embolic  circulatory  disturbances,  called  local  antemias, 
which  depend  on  the  occlusion  of  arteries  and  veins  will  be  considered  more 
fully  in  the  following  chapter.  The  local  consequences  of  retrograde  emboli 
are  to  be  found  in  the  chapter  on  venous  congestion,  since  they  really  depend 
on  an  obstruction  to  the  venous  outflow. 

While  the  embolic  disturbances  of  the  circulation  and  of  tissue  nutrition 
depend  in  many  cases  merely  on  the  mechanical  results  of  the  obstruction 
produced  by  the  embolus,  they  are  in  other  cases  essentially  influenced  by  the 
infective  character  of  many  emboli.  Therefore  simple  emboli  which  contain  no 
pathogenic  micro-organisms  are  distinguished  from  infective  emboli  which  do 
contain  such  organisms.  Generally  speaking,  it  is  true  that  simple  and  infective 
emboli  are  both  followed  by  the  same  circulatory  and  nutritive  disturbances, 
but  that,  when  the  embolus  has  an  infective  character,  the  specific  effects  of  the 
poisonous  substances  it  contains  are  superadded.  Experience  has  shown  that 
almost  any  of  the  pathogenic  microbes  may  be  carried  as  emboli,  so  that  a 
complete  account  of  the  consequences  of  infective  emboli  is  impossible  within 
the  space  at  our  disposal,  and  must  be  relegated  to  the  special  part  of  this 
work.  Our  views  about  infective  emboli  were  first  developed  with  reference  to 
the  processes  of  metastatic  suppuration,  so  that  it  appears  desirable  to  consider 
this  specially.  This  can  be  done  most  easily  if,  in  the  following  chapter,  along 
with  the  consideration  of  the  local  disturbances  of  the  circulation,  the  dis- 
turbances of  tissue  nutrition  produced  by  simple  and  suppurative  emboli  be 
briefly  discussed. 
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III.  Local  Anaemia,  Ischsemia 

The  term  local  anaemia  means  the  diminution  of  the  blood-supply  of  any 
vascular  area.  It  may  arise  from  an  increased  pressure  on  the  outside  of  the 
capillaries  or  from  narrowing  or  occlusion  of  the  afferent  arteries. 

If  a  plate  of  glass  be  pressed  against  the  skin,  the  skin  sui^face  under  it 
becomes  pale,  because  the  suj)erficial  capillaries  are  compressed.  The  like 
result  follows  if  the  pressure  in  the  tissues  increases,  and  narrows  the  lumen  of 
the  vessels.  In  this  Avay,  for  example,  the  capillaries  of  the  liver  are  constricted 
if,  in  cirrhosis,  connective  tissue  develops  in  the  organ  and  by  cicatricial 
shrinking  compresses  the  parenchyma.  So,  too,  accumulations  of  fluid  in  the 
tissues  increase  the  pressure  on  the  outside  of  the  capillaries,  constrict  these 
capillaries,  and  diminish  the  l^lood-supply. 

Narrowing  of  arteries  is  caused  by  external  pressure  produced  by  tumours, 
cicatricial  contractions,  thrombi,  emboli,  and  by  many  other  mechanical 
causes  ;  but  the  main  cause  of  local  anaemias  is  disturbance  of  vaso-motor 
innervation. 

If  the  skin  be  stroked  Avith  a  glass  rod  or  some  such  body,  a  white  streak 
is  produced  on  the  skin,  which  disappears  immediately,  since  it  was  produced 
by  temjDorary  pressure  only.  The  skin  then  recovers  its  normal  colour,  but 
about  twenty-live  or  thirty  seconds  later  a  broad  white  streak  with  an  indis- 
tinct margin  reappears  on  the  skin.  A  local  ana?mia,  limited  to  the  area  of 
the  irritation,  follows  within  half  a  minute  the  local  irritation  of  the  nerves 
produced  by  the  glass  rod.  This  is  undoubtedly  due  to  the  action  of  the  local 
vaso-motor  nerves.  It  is,  however,  partly  dependent  upon  the  condition  of 
irritability  of  the  cerebro-spinal  vaso-motor  nerve-centres ;  for  when  there  is 
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disease  of  the  central  nervous  system,  a  red  streak  sometimes  develops  after  a 
similar  local  irritation  of  the  skin  (see  arterial  hypersemia). 

Similarly,  cooling  of  the  skin  surface  renders  the  affected  part  pale,  this 
being  a  local  anasmia  produced  by  local  vascular  disturbances.  Irritation  of  the 
sympathetic  in  the  neck  is  followed  by  narrowing  of  the  arteries  on  the  same 
side  of  the  head  (Brown-S^quard,  "Waller).  Reflex  stimulation  of  the  skin 
or  of  the  mucous  membrane  of  the  stomach  causes  a  contraction  of  the 
arteries  controlled  by  the  splanchnic  nerve,  and,  at  the  same  time,  a  dilatation 
of  the  arteries  of  the  skin  and  muscles  (Griitzner  and  Heidenhain). 

There  is  a  similar  antagonism  between  the  arteries  of  the  two  sides  of  the 
head.  If  one  sympathetic  is  divided  in  the  neck,  the  arteries  of  the  same  side 
of  the  head  become  dilated,  those  of  the  opposite  side  contracted.  It  is 
generally  the  case,  also,  that  the  arteries  become  contracted  round  an  area  in 
which  the  arteries  are  dilated.  A  collateral  ancemia,  as  it  may  be  termed,  is 
produced.  Many  of  these  collateral  anaemias  are  due  to  reflex  stimulation  of 
nerves.  The  physiological  activity  of  most  organs  shows  daily  periodic  oscilla- 
tions, and  these  may  correspond  to  periodic  variations  in  the  amount  of  their 
blood -supply,  which  show  an  interdependence,  probably,  in  part,  produced  by 
reflex  nervous  action.  But  as  a  general  explanation  of  the  many  collateral 
anaemias  which,  in  various  degrees  of  development,  accompany  pathological 
congestions  of  lar(je  vascular  areax,  reflex  nervous  action  will  not  serve, 
because  this  would  require  nerve  connections  of  extraordinary  complexity.  A 
simpler  explanation  must  therefore  be  looked  for. 

It. is  clear  that  the  dilatation  of  the  arteries  in  any  vascular  area  reduces 
the  frictional  resistance  opposed  to  the  blood-stream  in  this  area.  More  blood 
flows  through  the  area  in  a  given  time.  If  the  area  be  very  large,  the  total 
quantity  of  available  blood  is  not  sufficient  to  supply  the  neighboiu-ing  areas 
fully,  so  that  the  areas  where  the  arteries  have  not  dilated  are  supplied  with  a 
smaller  amount  of  blood,  since  in  them  the  frictional  resistance  is  not  reduced. 
If  their  arteries  maintain  their  normal  width,  the  blood  would  flow  more  slowly 
through  them.  This,  however,  is  not  the  case.  As  above  mentioned,  the 
arteries  are  seen  to  be  narrowed  in  the  neighboiu-hood  of  the  congested  area. 
I  recognise  in  this  a  confirmation  of  the  experimental  conclusion  that  I  have 
arrived  at,  viz.  that  a  diiniuution  of  the  amount  of  blood  which  floius  through  an  artery 
in  a  given  time  is  folloiced  by  a  contraction  of  this  artery.  The  narrowing  of  the 
artery,  however,  since  the  frictional  resistance  within  the  corresponding  capillary 
area  does  not  alter,  is  followed  by  an  increase  in  the  rate  of  the  blood-flow 
^vithin  this  artery,  although  perhaps  the  normal  rate  of  flow  is  not  again 
reached. 

It  will  be  shown  later  that  this  narrowing  of  the  arterial  channel,  due  to 
diminution  of  the  quantity  of  blood  that  flows  through  it,  is  independent  of 
the  blood  -  pressure.  These  results,  however,  as  well  as  the  well-known 
experiments  of  v.  Goltz,  Putzeys,  and  TarchanofF,  require  the  assumption  of 
local  vaso-motor  centres,  or  of  some  properties  of  the  arterial  wall  by  which 
this  is  enabled  to  adapt  itself  immediately  to  the  blood -stream,  with  the  result 
of  re-establishing  the  normal  rate  of  flow  within  the  arteries. 

That  local  vaso-motor  centres  do  exist  is  prol^able,  considering  the  rich 
supply  of  nerve  fibres  within  the  walls  of  the  vessel  and  the  many  sensory  end 
organs,  the  Vater-Pacini's  corpuscles,  which  can  be  demonstrated  in  the  adventitia 
of  the  arteries.  The  sum  of  the  results  which  I  shall  state,  with  reference 
to  disorders  of  the  circulation,  makes  it  appear  that  the  vessel  wall,  as  such,  is 
able  to  adapt  itself  to  the  blood-stream  in  the  manner  described. 
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It  is  difficiilt  to  answer  the  question  whether  collateral  anaemias  arise  around 
smaller  vascular  areas  whose  arteries  are  dilated.  The  therapeutic  practice 
of  depletion  by  local  blood-letting  is  founded  upon  this  assumption,  but  its 
success  is,  however,  in  most  cases  very  doubtfid.  The  assumption  on  which 
the  practice  is  based  is  probably  incorrect.  The  local  dilatation  reduces  the 
frictional  resistance  offered  by  the  arteries  to  the  blood.  Therefore  the  blood 
in  the  capillaries  is  at  a  higher  pressiu'e  than  normal.  Since,  however, 
adjoining  capillaiy  areas  have  numerous  capillary  connections  with  each  other, 
it  is  probable  that  the  blood -stream  which  passes  out  of  the  dilated  arteries 
into  the  capillary  area  at  a  heightened  pressiu'e  may  extend  farther  and  pass 
over  into  capillary  areas  which,  as  a  ride,  are  fed  from  neighbouring  arteries. 
This  will  be  followed  by  a  greater  hyperaemia  of  the  adjacent  capillary  areas, 
so  that  the  neighbouring  arteries  can  only  send  a  smaller  quantity  of  blood 
into  their  capillary  areas.  In  this  case  a  slow'ng  of  the  blood  -  current  in  the 
neighbouring  arteries,  and  at  the  same  time,  a  tonic  contraction  are  to  be 
exj)ected.  A  diminished  amount  of  blood  in  the  capillaries  in  the  neighbour- 
hood of  small  hypersemic  areas  wovdd  not  therefore  be  observed,  but  rather  an 
increased  amount.  This  residt  of  experiment  corresponds  in  general  to 
experience.  The  removal  of  blood  from  the  neighbourhood  of  vascular  areas 
in  which  the  arteries  are  dilated  can  aid  but  little  in  unloading  the  hypenTemic 
area,  since  after  the  first  effect  in  this  direction  the  arteries  again  dilate  and 
must  bring  larger  quantities  of  blood.  A  practical  result  of  such  depletion 
is  therefore  not  to  be  generally  looked  for,  although  it  may  l^e  perhaps 
obtained  in  some  cases  under  special  conditions. 

The  most  striking  sign  produced  by  all  local  anaemias  is  the  j^C'^or  of  the 
ancemic  areas.  The  contraction  of  the  afferent  artery  to  a  part  heightens  the 
frictional  resistance  to  the  blood.  In  overcoming  this  increased  frictional 
resistance,  a  considerable  part  of  the  blood-pressiu'e  is  dissipated  within  the 
artery,  so  that  the  blood  within  the  capillaries  stands  under  a  lower  pressure. 
The  capillary  contracts  to  a  degree  corresponding  to  the  fall  in  the  blood- 
pressiu'e,-"^  the  amount  of  blood  in  the  part  diminishes,  and  the  ansemic  parts 
become  pale,  just  as  they  become  pale  when  the  pressure  of  the  tissues  on  the 
outer  siu'face  of  the  capillaries  rises.  At  the  same  time,  the  increase  of  the 
frictional  resistance  diminishes  the  amount  of  blood  which  flows  through  the  anwmic 
area  in  a  given  time. 

Experiments  on  the  frog's  tongue  show  that  the  rapidity  of  the  blood- stream 
in  the  cajnllaries  is  reduced  if  the  arteries  become  narrowed.  If  the  frog's 
tongue  be  continuously  irrigated  ydth.  a  1^  per  cent  solution  of  salt,  the 
vessels  dilate.  If  the  strength  of  the  irrigating  fluid  be  reduced  to  f  per  cent, 
the  arteries  become  narrower,  and  the  stream  in  the  capillaries  is  slowed 
(Thoma).  It  is  to  be  concluded  from  this  that  changes  in  the  calibre  of  the 
arteries  are  more  considerable  than  in  the  capillaries.  A  number  of  other 
phenomena,  dependent  on  the  peculiarities  of  the  organ,  are  associated  with  the 
pallor  of  the  anemic  or  ischaemic  area. 

Ancemia  of  the  skin  not  only  renders  it  pale  but  also  loicers  its  tempercdure. 
This  resrdt  depends  on  the  circiunstance  that  the  blood  which  comes  from  the  in- 
terior of  the  body,  and  which  is  at  the  same  temperature  as  the  interior,  brings 
a  great  amount  of  heat  to  the  skin.  This  heat  convection  is  diminished 
when  local  anaemia  is  set  up,  since  the  skin  continually  gives  off"  heat  ex- 
ternally, if  the  external  temperature  is  not  unusually  high.      At  the   same 

^  Many  observtrs  profess  to  have  observed  in  the  cajjillary  walls  a  power  of  contraction  similar 
to  that  found  in  muscle  cells.     I  have  never  been  able  to  convince  myself  of  this. 
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time,  sensory  disturbances  arise,  indicated  by  such  symptoms  as  numbness  and 
tingling  of  the  fingers,  or  prickling  and  formication.  The  occurrence  of  so- 
called  goose-skin,  which  often  accompanies  great  contraction  of  the  cutaneous 
arteries,  depends  on  a  simultaneous  contraction  of  the  musculi  arrectores 
pilorum. 

Ischcemic  conditions  of  muscle  lead  mostly  to  symptoms  of  muscular  Aveakness 
and  readily  induced  fatigue.  The  peripheral  nerves  also  react  considerably  to 
anasmic  conditions  with  signs  of  irritation,  such  as  neuralgia,  muscular  twitching 
and  cramp,  hallucinations  of  sight,  photopsy  (seeing  of  sparks),  subjective  noises 
in  the  ears,  paralyses,  blindness  (reflex  amaurosis),  deafness.  If  the  anaemias 
last  only  for  a  short  time  these  symptoms  again  disappear. 

Ana'.riiia  of  the  central  nervous  system  is  more  serious  in  its  effects.  The 
various  organs  of  the  human  body  show  great  differences  in  their  susceptibility 
to  circulatory  disturbances,  and  the  brain  and  spinal  cord  are  amongst  the  most 
susceptible. 

Anaemia  may  affect  both  hemispheres  at  the  same  time  or  only  one. 
General  cerebral  anaemia  may  be  caused  by  increase  of  pressure  within  the 
cranium  produced  either  by  haemorrhage,  increase  in  the  cerebro-spinal  fluid,  or 
by  oedema,  by  tumoiurs,  or  any  other  factors  which  may  lead  to  compression 
of  the  capillaries.  Feebleness  of  the  heart's  action  acts  in  the  same  way  if  it 
leads  to  hypostasis  in  other  parts  of  the  body ;  so  also  does  rapid  diminution 
of  the  amount  of  blood  by  profuse  haemorrhage.  Lastly,  cerebral  anaemia  is 
produced  by  occlusion  of  the  cerebral  arteries,  both  carotids  and  vertebrals,  as 
well  as  by  tonic  contraction  of  the  cerebral  arteries.  Unilateral  cerebral 
anaemia  is  sometimes  observed  after  ligature  or  embolic  occlusion  of  one 
carotid  artery ;  but,  as  a  rule,  the  ligature  of  one  carotid  is  of  no  effect,  since 
the  collateral  circulation  through  the  circle  of  Willis  immediately  becomes  so 
complete  as  to  prevent  the  occurrence  of  any  considerable  cerebral  angemia. 
When  the  cerebral  arteries  are  diseased,  however,  this  com2Densation  sometimes 
fails,  so  that  anaemia  of  one  half  of  the  brain  may  arise. 

Marshall  Hall  and  Astley  Cooper  have  laid  the  foundation  of  our  know- 
ledge of  cerebral  anaemia,  and  Ackermann,  Kussmaul  and  Tenner,  F.  Jolly, 
Pagenstecher,  S.  Mayer,  Duret,  and  Nothnagel  have  made  most  valuable 
additions  to  the  subject.  The  slightest  form  of  cerebral  anaemia  is  indicated 
by  the  faintness  produced  by  tonic  contraction  of  the  cerebral  arteries.  Feel- 
ings of  oppression,  giddiness,  yawning,  sounds  in  the  ears,  darkening  of  the  field 
of  vision,  nausea,  vomiting,  general  torpidity,  cold  sweat,  and  lastly,  uncon- 
sciousness indicate  this  condition.  It  passes  away  easily  and  rapidly  if  the 
fainting  person  falls  down  or  is  laid  flat,  so  that  the  haemostatic  pressure  of  the 
blood  again  rises.  In  severe  cases  of  cerebral  anaemia  produced  by  the  other 
above-named  conditions,  other  more  serious  disturbances  may  be  present. 
The  breathing,  at  first  rapid,  is  slowed  and  deepened,  convulsions  occur,  and  a 
gasping  breath  closes  the  scene,  since  the  brain  must  die  if  deprived  of  blood 
for  more  than  a  short  time. 

Anaemic  conditions  produced  by  tonic  contractions  of  the  arteries  usually 
pass  off  in  a  longer  or  shorter  time,  since  the  disturbance  of  the  innervation  of 
the  vessel  wall  ceases.  On  the  other  hand,  ligatiu-e  of  vessels  and  also 
embolic  and  thrombotic  occlusion  of  the  arteries  usually  produce  permanent 
disturbances  of  the  circulation,  and  frequently,  also,  of  the  nutrition  of  the 
tissues.     These  will  be  specially  considered  later. 

Permanent  occlusion  of  an  artery  leads,  as  a  general  rule,  to  a  permanent  alteration 
and  rearrangement  of  the  vascular  system,  and  generally  to  the  development  of  a 
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collateral  circidation  (Thoma).  The  changes  which  the  aortic  system  undergoes, 
in  consequence  of  the  ocdmion  after  birth  of  the  ductus  arteriosus  and  the  imibilirxd 
arteries,  may  be  taken  as  a  physiological  example  of  a  permanent  arterial 
occlusion.  The  aortic  system  of  the  foetus  is  supplied  with  blood  from  the  left 
ventricle  of  the  heart  and  from  the  ductus  arteriosus,  which  draws  its  blood 
from  the  right  ventricle.  The  two  umbilical  arteries  are  the  largest  branches 
which  the  aorta  gives  off.  So  soon  as  the  umbilical  arteries  and  the  ductus 
arteriosus  become  closed,  that  part  of  the  aorta  which  I  have  called  the 
umbilical  pcdh — namely,  the  descending  aorta,  the  common  and  internal  iliacs, 
and  their  continuation  as  far  as  the  origin  of  the  umbilical  arteries — becomes 
much  too  large  for  the  amount  of  blood  flowing  through  it,  even  although 
the  contraction  of  the  umbilical  artery  is  continued  upwards  towards  the 
common  iliacs.  The  blood-stream  within  the  umbilical  vessels  becomes  retarded. 
The  compensation  for  the  disturbance,  according  to  my  researches,  then  follows 
in  such  a  way  that  there  is  a  new  formation  of  connective  tissue  in  the  intima 
of  the  whole  of  the  umbilical  system.  This  adapts  the  lumen  to  the  blood- 
stream, and  is  quite  invariably  limited  to  the  umbilical  path,  always  sparing 
the  lateral  branches,  as  shown  in  Fig.  204.  At  the  same  time,  the  left  ventricle 
of  the  heart  and  the  ascending  aorta  increase  rapidly.  At  the  end  of  the 
period  of  growth,  therefore,  as  I  have  shown  in  my  investigations  on  the  histo- 
genesis and  histo-mechanism  of  the  vascular  system,  the  aorta  divides  in  such 
a  manner  that  the  area  of  the  transverse  section  of  the  lumen  of  the  trunk  is 
equal  to  the  sum  of  the  transverse  section  of  its  branches.  Similar  results 
happen  after  amputations.  If  the  thigh  is  amputated,  say  at  the  upper  limit 
of  its  lower  third,  the  branches  of  the  arteries  become  modified,  so  that  they 
are  again  adapted  to  the  circulation.  In  spite  of  the  circumstance  that 
the  blood-pressure  has  risen  in  the  main  artery,  in  consequence  of  the  ligature, 
the  main  artery  becomes  contracted,  as  I  have  been  able  to  demonstrate, 
partly  by  tonic  contraction  of  the  media,  and  partly  by  new  formation  of 
connective  tissue  in  the  intima  (Fig.  205).  This  contraction  may,  in  amputa- 
tions of  the  thigh,  be  traced  upwards  as  far  as  the  common  iliac.  It  cannot 
be  demonstrated  in  the  aorta,  though  it  is  perhaps  present  there  nevertheless. 
The  heart  may  even  be  somewhat  smaller  in  all  its  parts,^  if  so  large  a  part  of 
the  peripheral  circulation  as  that  of  the  greater  part  of  one  lower  extremity  is 
removed  from  the  circulation. 

A  similar  compensation  for  the  disturbance  takes  place  after  other 
amputations  or  any  operations  which  involve  removal  of  limbs  or  large  parts 
of  the  body.  It  is  similarly  observed  after  ulcerative  destruction  of  organs, 
e.g.  in  the  pulmonary  artery  after  formation  of  cavities  in  the  lung.  Therefore 
a  somewhat  more  thorough  investigation  seems  called  for.  If  the  vessels  of 
an  amputation  stump  be  examined  microscopically,  these  are  found  normal, 
Avith  the  exception  of  the  main  artery  and  some  of  the  lateral  branches  which 
have  been  divided  and  ligatured  during  the  operation.  The  lumen  of  the 
main  artery  is,  on  the  other  hand,  narrowed,  either  through  concentric  atrophy 
of  the  media  (Fig.  206,  h),  or  through  new  formation  of  connective  tissue  in 
the  intima  (Fig.  206,  c),  or  through  a  combination  of  both  processes  (Fig. 
206,  d). 

The  concentric  atrophy  of  the  media  (Fig.  206,  h)  represents  in  this  case 
a  negative  growth,  which  is  caused  by  the  slowing  of  the  blood-current  in  the 
ligatured  main  artery  of  the  amputated  stump.     In  spite  of  the  fact  that  above 

^  Observations  of  some  ^vriters  which  contradict  these  statements  must  be  explained  on  other 
grounds. 
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the  ligature  the  blood -pressure  has  somewhat  risen,  this  disturbance  of  the 
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Fig.  204. — Diagrammatic 
representation  of  the 
new  formation  of  the 
tissue  in  the  umbilical 
system.  The  areas  in 
which  the  new  connec- 
tive tissue  forms  are 
shaded  darkly. 


Fig.  205.— Scheme  of  the 
rearrangement  of  the 
arterial  system  after 
amputation  of  the  left 
thigh. 


Fig.  200. — o,  Transverse  section  of  a 
normal  right  femoral  artery ;  b,  c, 
fZ,  contraction  of  the  left  superficial 
femoral  after  amputation  of  its  peri- 
pheral part ;  h,  concentric  atrophy  of 
the  media ;  c,  thickening  of  intima  by 
connective  tissue  ;  (7,  concentric  atrophy 
of  media  and  connective  tissue  thicken- 
ing of  intima.  Somewhat  diagrammatic. 
Media  dark,  connective  tissue  light, 
ailventitia  also  light,    x  77. 


circulation  leads  to  a  contraction  of  the  lumen  of  the  vessel,  in  accordance  with 
the  first  histo-mechanical  principle. 
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The  narrowing  here  results  from  the  tonic  contraction  of  the  muscular  wall 
of  the  vessel.  The  tunica  media  of  the  artery,  however,  since  a  long  time  had 
elapsed  after  the  operation,  is  thinner,  because  the  tension  of  the  Avail  has 
become  less,  because  of  the  diminution  of  the  lumen.  This  is  a  confirmation  of 
the  second  histo-mechanical  principle.  At  those  places  where,  notwithstanding 
the  slowing  of  the  blood -current,  the  concentric  atrophy  of  the  media  does 
not  occur  (Fig.  206,  c)  or  remains  incomplete  (Fig.  206,  (/),  new  connective 
tissue  forms  in  the  intima  which  adapts  the  lumen  to  the  blood -stream.  I 
have  not  had  opportunity  to  investigate  definitely  whether  by  these  processes 
the  homonomy  and  equivalence  are  re-established,  and  whether  the  transverse 
section  of  the  main  trunk  again  equals  the  sum  of  the  transverse  sections  of 
its  branches.      Such  a  research  could  only  yield  positive  results  if  a  mmiber  of 


Fig.  207. — Collateral  circulation  througli  two  capillary  areas  and  tlie  brandies  of  a  vein  after  compression  of 
an  artery,  h.  From  the  lung  of  a  frog.  The  polygonal  outlines  correspond  to  the  alveolar  septa  standing  at 
right  angles  to  the  plane  of  the  drawing.  The  arterial  ramifications  lie  on  the  surface  of  the  lung.  A, 
arteries;  V,  veins.  The  arrows  Indicate  the  direction  of  the  current.  The  capillaries  are  only  partly 
indicated.    According  to  Kuttner's  experiments. 


years  had  intervened  between  the  operation  and  the  day  of  death.  These  data 
will  enable  us  to  comprehend  the  development  of  a  collateral  circulation. 

After  the  ligature  of  the  main  artery  of  a  limb,  the  first  thing  that  happens 
is  the  disappearance  of  the  pulse  in  the  peripheral  parts  of  the  limb.  The 
extremity  becomes  pale  and  cool.  Ischa?mia  or  local  ann?mia  from  arterial  occlu- 
sion has  occurred.  This  may  become  permanent  if  the  arteries  are  diseased 
and  do  not  permit  of  a  modification  of  their  circulation,  and  thus  cause  death  of 
the  extremity.  But  this  unfavourable  result  occurs  only  in  very  exceptional 
cases  where  there  is  a  high  degree  of  vascular  disease.  As  a  rule,  the  pulse 
returns,  in  twenty-four  hours  at  the  latest,  to  the  peripheral  branches,  and 
these  appear  to  be  again  filled  ■with  circulating  blood. 

Such  a  result  can  be  easily  understood  Avhen  arteries  which  show  wide  arterial 
anastomoses  have  been  ligatured.  After  ligature  of  the  radial  artery  the  pulse 
is  not  usually  obliterated  below  the  ligature,  since  the  ulnar  and  radial  arteries 
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have  free  anastomoses  in  the  palm  of  the  hand.  But  the  early  reappearance 
of  the  pulse  after  ligature  of  the  main  arteries,  e.g.  of  the  superficial  femoral, 
is  very  striking.  In  this  case  there  are  only  slight  anastomoses  between  the 
profunda  femoral  and  the  articular  arteries  of  the  knee,  and  some  fine  twigs 
running  along  the  nerve-trunks,  available  to  carry  the  blood  to  the  leg.  Even 
a  considerable  dilatation  of  these  vessels  does  not  by  any  means  suffice  to 
explain  the  result.  AVe  must  therefore  bear  in  mind  the  fact  that  the 
capillaries  of  the  leg  and  thigh  offer  very  numerous,  although  narrow  anas- 
tomoses, through  which  the  blood  may  pass  from 
the  arterial  branches  that  arise  from  the  main  artery 
above  the  ligatiu-e  to  the  arterial  branches  of  the 
leg,  and  from  them  into  the  arterial  trunks  of  the 
latter.  The  researches  of  Zielonko,  Kiittner,  and 
Goldenblum  on  the  web,  the  tongue,  and  the  lung  of 
the  frog  have  shown  clearly  the  great  importance  of 
the  capillary  anastomosis  for  the  development  of  the 
collateral  circulation.  Kiittner  was  able,  under  the 
direction  of  Arnold  and  myself,  to  show  that  veins 
might  also  aid  in  the  establishment  of  the  collateral 
paths  between  two  arterial  areas,  since  the  blood 
above  a  ligature  flows  into  the  capillaries  and  thence 
into  the  veins,  which  again  give  off"  their  blood 
through  capillaries  into  the  branches  of  the  artery 
below  the  ligature  (Fig.  207). 

After  some  time  extensive  arterial  anastomoses 
form,  as  a  rule,  both  from  the  dilatation  of  previously 
existing  arterial  anastomoses  and  from  the  formation 
of  new  ones  (Porta,  Tiedemann).  The  new  arterial 
anastomoses  are  formed  l)y  the  dilatation  of  capillaries, 
the  walls  of  which  at  the  same  time  acquire  the 
structure  of  an  artery.  Fig.  208  shows  diagram- 
matically  the  conditions  which  may  be  observed  a 
long  time  after  ligature  of  the  left  superficial  femoral 
artery.  The  small  arterial  anastomoses  which  may  be 
observed  in  the  right  lower  extremity  are  immensely 
increased  on  the  left  side.  A  .network  of  small 
anastomosing  arteries  has  also  developed  at  the  seat 
of  ligature.  These  have  arisen  as  new  vessels  in  the 
gi-anulation   tissue   which   aided   the  healing  of    the 


Fig.  208. — Arteries  of  both  lower 
extremities  a  considerable  time 
after  ligature  of  the  left  super- 
ficial femoral  artery  at  /. 
Schematic. 


wound.  They  may,  under  certain  conditions,  be 
much  developed,  and  are  then  of  great  importance 
for  the  circulation  (Lobstein,  O.  Weber,  Porta, 
Tiedemann). 

How  is  the  development  of  such  a  collateral  circulation  to  be  explained  % 
Immediately  above  the  seat  of  ligature  the  blood -pressure  is  at  first  raised  in 
the  main  artery,  because  the  blood -flow  is  interrupted.  According  to  the 
older  views  this  rise  in  pressure  above  the  ligature  is  the  cause  of  the  dilata- 
tion of  the  collateral  arteries.  This  explanation  has,  however,  never  been  fully 
justified,  since  the  rise  of  pressure  is  small,  and  it  must  therefore  remain 
unexplained  how  a  rise  of  blood-pressure  of  a  few  millimetres  of  mercury  can 
cause  a  sudden  dilatation  of  the  collateral  arteries.  It  seems  justifiable  to  put 
the  question.  What  would  happen   to   the   vascular   system  if  every   rise   of 


304 


COLL  A  TERAL  CIRC  U LA  TION 


pressure  was  immediately  followed  by  a  considerable  dilatation  of  the  lumen 
of  the  arteries  ? 

Goldenblum,  Avbo,  under  my  direction,  undertook  a  fresli  examination  of  the 
development  of  the  collateral  circidation,  was  able  to  show,  in  the  tongue  of 
the  living  frog,  that  not  only  does  the  part  of  the  artery  which  lies  on  the 
distal  side  of  the  ligature  become  contracted,  but  so  also  does  that  part  of  the 
artery  extending  between  the  proximal  side  of  the  ligature  and  the  first 
or  the  second  lateral  Ijranch.  Thu  contraction  of  the  first  vascular  iiiternode  on 
the  proximal  side  of  the  ligature  appears  five  or  ten  minutes  after  the  vessel  is  tied  and 
remains  permanent. 

Such  a  residt  shows  that  the  width  of 
the  lumen  of  the  artery  is  independent  of 
the  blood  -  pressure.-^  It  confirms  at  the 
same  time  my  first  histo-mechanical  prin- 
ciple, according  to  which  the  lumen  of  the 
artery  stands  in  relation  to  the  rapidity  of 
the  blood-stream  (p.  265).  In  the  first 
arterial  internode  above  the  ligature  the 
blood -flow  is  completely  interrupted,  but 
the  pulse  waves  keep  the  blood  which  fills 
the  lumen  in  a  gentle  oscillating  movement. 
Accordingly  the  muscle  of  the  wall  of  this 
part  of  the  artery  contracts  and  narrows 
the  lumen. 

On  the  other  hand,  the  blood-stream  is 
accelerated  in  the  lateral  branches  which 
arise  on  the  proximal  side  of  the  ligature. 
Recklinghausen  has  explained  the  reason 
of  this  acceleration  of  the  current  (Fig. 
209).  After  the  ligature  the  lateral 
l^ranches  have  not  only  their  own  capil- 
laries, but  also  those  of  the  ligatiu'ed  artery 
at  their  service.  The  capillary  area  open 
to  the  lateral  branches  has  thus  become 
larger.  The  resistance  which  the  blood- 
stream has  to  overcome  lies  mainly  in  the 
capillaries.  If  the  capillary  area  of  any 
artery  becomes  considerably  increased,  this 
corresponds  to  a  fall  in  the  resistance  which 
the  blood  in  the  collateral  vessels  has  to 
overcome.  The  rapidity  of  the  stream  in 
These  collateral  branches,  in  accordance  ^\^th 
the  first  histo-mechanical  principle,  dilate  therefore,  and  this  leads  to  further 
increase  in  the  rapidity  of  the  blood -stream  Avithin  them.  Finally,  the  col- 
lateral circulation  develops  in  the  manner  indicated  in  Fig.  209,  through  the 
assistance  of  the  capillaries.  According  to  Goldenblum,  the  collateral  branches 
of  the  artery  become  dilated  immediately  after  ligatiu-e.     But  this  dilatation 


Fig.  209. — Scheme  of  the  de\^elopinent  of  the 
collateral  circulation  in  the  tongue  of  the  frog 
a  short  time  after  ligature  of  the  main  artery 
at  I.  Onlj'  those  capillaries  are  drawn  which 
take  part  in  the  development  of  the  collateral 
circulation.  The  changes  in  the  calibre  of  the 
arteries  are  here  the  result  of  a  change  In  the 
tone  of  the  vessels. 

the  collaterals  becomes  increased. 


^  Ludwig  and  liis  jiupils  have  shown  that  the  arterial  system  adapts  itself  to  changes  in  tJie 
amount  of  blood,  so  as  to  keep  the  blood-pressure  api^roximately  normal.  The  result  of  this  experi- 
ment may  also  be  interi^reted  in  this  way  :  that  the  hmien  of  the  arteries  adapts  itself  to  the 
amount  of  blood,  so  that  the  rate  of  the  current  remains  constant.  The  maintenance  of  the  normal 
pressure  is  then  a  consequence  of  the  relations  between  diameter  of  vessel  and  rate  of  stream. 
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affects  only  those  lateral  branches  of  the  artery  which  ramify  in  its  neighbour- 
hood. 

The  dilatations  and  contractions  are  at  first  effected  by  changes  in  the  tonic 
innervation  of  the  vessel  wall.  They  afterwards  become  permanent,  since  the 
walls  of  the  vessels  in  which  the  stream  is  accelerated  become  increased  in  thick- 
ness, while  those  of  the  vessels  with  slow  circulation  atrophy.  The  growth  in  the 
vessels  which  take  over  the  collateral  circulation  affects  both  the  surface  and  the 
thickness.  According  to  the  first  histo-mechanical  principle  those  vessels  with 
a  rapid  blood-current  become  dilated.  They  also  become  increased  in  length, 
because  the  increased  rate  of  the  cuiTcnt  manifestly  also  stimulates  the  growth 
of  the  vessel  in  its  long  direction.  When  fully  developed,  the  collateral  branches 
always  shoAv  striking  tortuosities,  which  are  shown  in  the  scheme  in  Fig.  208 
as  well  as  in  Fig.  210,  which  is  dra^vn  from  nature.  As  the  vessel  dilates,  the 
tension  of  the  wall,  Avhich  is  in  proportion  to  the  diameter  of  its  lumen,  also 
increases,  and  therefore,  in  accordance  with  the  second  histo-mechanical  principle, 
so  does  the  thickness  of  the  vessel  wall,  and  particularly  that  of  the  tunica  media. 

On  the  other  hand,  in  that  part  of  the  main  artery  in  which  the  blood- 
current  has  been  slowed,  a  concentric  atrophy  of  the  vessel  occurs,  Avhich 
depends  on  similar  conditions.  The  atrophied  arteries  therefore  always  appear 
straight,  since  the  retarded  blood -current  not  only  diminishes  the  diameter 
but  also  shortens  the  artery,  so  far  as  the  conditions  permit. 

This  view  is  founded  partly  on  my  own  observations,  partly  on  those  of 
Tiedemann  and  other  investigators.  Nothnagel  has  demonstrated  the  increase 
in  the  lumen  and  in  the  thickness  of  the  wall  of  the  collateral  branches  in  an 
interesting  series  of  experiments  on  warm-blooded  animals,  and  has  confirmed 
the  results  of  my  investigation  in  so  far  as  they  apply  to  the  relation  between 
the  width  of  the  vessel  and  the  rapidity  of  the  blood-stream. 

In  general,  it  may  be  postulated  ilmt  the  occlusion  of  an.  artery  leads,  as  a  nth', 
to  the  development  of  a  collateral  circulation,  and  that  it  is  onli/  under  exceptional  con- 
ditions that  any  other  result  follows.  Cohnheim  thought  that  the  occlusion  of 
arteries  that  had  no  arterial  anastomoses  {end  arteries)  always  led  to  the  death 
of  the  tissues  of  the  part  Avhich  they  supply,  but  the  above-mentioned  facts 
clearly  show  that  this  view  is  untenable.  Years  ago  I  repeated  the  experi- 
ments on  which  Cohnheim  based  his  views,  -snthout  being  able  to  confirm 
them.  If  small  particles  of  wax  are  introduced  into  the  arteries  of  the  frog's 
tongue  by  means  of  Cohnheim's  special  apparatus,  no  hsemorrhagic  infarction  of 
the  tissue  is  produced,  but  a  collateral  circulation  develops.  Goldenblum, 
at  my  suggestion,  repeatedly  ligatured  the  arteries  of  the  frog's  tongue,  and  in 
every  case  Avas  able  to  demonstrate  the  development  of  a  collateral  circulation. 
The  different  results  which  Cohnheim  obtained  are  presumably  due  to  the 
fact  that  he  exposed  the  outstretched  tongue,  after  occlusion  of  the  arteries, 
to  the  action  of  the  air.  Under  these  circumstances,  of  course,  stasis  and 
hnemorrhagic  infarction  of  the  tongue  develop.  The  result  is,  however,  really 
due  to  the  drying  of  the  tongue  Avhen  it  is  exposed  to  the  air  after  ligature. 
If  the  tongue  of  the  frog  is  replaced  in  the  mouth  after  ligature,  a  collateral 
circulation  invariably  develops.  Goldenblum's  numerous  experiments  on  liga- 
ture of  arteries  have  also  demonstrated  the  fact  that  the  occlusion  of  an  artery 
ahvays  leads  to  the  formtdion  of  a  colkderal  circulcdion  if  there  is  no  special  obstruction 
to  he  overcome.  Experience  also  shows  that  even  congenital  occlusion  of  the 
upper  part  of  the  thoracic  aorta  is  by  no  means  invariably  fatal,  but  that  the 
effects  of  even  so  severe  a  lesion  may  be  obviated  by  the  formation  of  a 
collateral  circulation  (Fig.  210). 
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Cohnheim's  researches  on  eml3olic  processes  have  been  of  great  service,  how- 
ever. They  revealed  the  valuable  law,  tliat  a  long-continued  interruption  of  tJie 
circulation  increases  tJie  permeability  of  the  vessel  walls  to  such  an  extent  tliat  not  only 
the  fluid  but  even  the  solid  constittients  of  the  blood  may  jmss  rajndly  into  the  tissues. 
]\Iotion  of  the  blood-stream  seems  to  be  a  necessary  condition  for  the  nutrition 
of  the  endothelium.  If  the  blood-stream  is  interrupted  for  a  considerable  time, 
changes  in  the  condition  of  the  vessel  wall  are  set  up  Avhich  are  indicated 
by  its  increased  permeability  (Cohnheim's  alteration  of  the  vessel  wall). 

I  have  generally  demonstrated  this  in  my  lectures  by  tying  a  ligature  firml}^ 
round  the  base  of  the  tongue  of  the  curarised  frog.  If  the  ligature  is  loosened 
after  three  days  the  vessels  become  rapidly  filled  with  blood. ^  They  then  allow 
such  a  large  quantity  of  their  plasma  to  pass  into  the  tissues  that  the  vessels 


Fig.  210. — Congenital  occlusion  of  the  upper  end  of  the  descending  thoracic  aorta  at  tlie  point  of  junction  of 
the  ductus  arteriosus,  with  the  fonnation  of  a  collateral  circulation,  observed  by  J.  F.  Meckel  in  a  miller's 
labourer,  thirty-five  years  of  age,  who  died  through  rupture  of  the  right  ventricle  in  consequence  of  a 
severe  strain  from  lifting  a  sack.    Ductus  arteriosus  closed. 


immediately  become  filled  with  a  red  immobile  mass.  The  outlines  of  the  cells 
in  this  red  mass  cannot  he  seen,  because  the  whole  of  the  l)lood  plasma  has 
passed  into  the  tissues.  This  condition  is  termed  stasis.  The  red  corpuscles 
also  begin  to  pass  into  the  tissues  (diapedesis),  although  the  vessel  wall 
when  seen  under  the  microscope  shows  no  change  in  its  appearance.  There 
can  be  no  doubt,  however,  under  the  circumstances,  that  it  is  changed,  and  has 
become  more  permeable  than  normally.  Similar  phenomena  sometimes  develop 
after  occlusion  of  arteries,  and  specially  after  embolic  occlusion  of  certain 
arteries.  It  has  been,  however,  already  pointed  out  that  it  is  necessary  to 
distinguish  between  the  effects  of  infective  and  non-infective  or  simple  emboli. 

^  This  experiment  has  been  more  ftilly  described  by  Goldenbluni. 
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Simple  emboli  of  tJie  splenic  arteries  lead  to  the  formation  of  red  hsemorrhagic 
infarctions.  It  is  known  that  the  peripheral  branches  of  the  splenic  artery 
have  no  anastomotic  connections,  consequently  the  establishment  of  a  collateral 
circulation  must  be  very  difficult.  Not  only  the  splenic  arteries,  but  also  the 
trabecule^  of  the  spleen,  which  contain  muscular  tissue,  are  sensitive  to  dis- 
turbances of  the  circulation.  If  a  branch  of  the  splenic  artery  of  a  living 
animal  is  ligatured,  the  blood -current  comes  to  a  standstill,  the  artery  con- 
tracts, and  so  too  does  the  corresponding  part  of  the  spleen  ;  it  becomes  anaemic. 
The  siu"face  of  the  anaemic  area  appears  partly  nodulated,  because  the 
contracted  trabeculje  draw  the  capsule  inwards.  The  spleen  continues  in  this 
condition  for  some  hoiu-s  or  days.  Then  the  muscle  fibres  of  the  trabecular 
gradually  relax  and  the  hremorrhagic  infarct  now  develops.  The  veins  become 
distended  with  blood  either  from  adjacent  areas  or  from  the  hilum ;  but  their 
walls,  in  consequence  of  the  long-continued  anaemia,  have  become  more  permeable 
than  they  are  under  normal  conditions.     The  blood,  therefore,  passes  freely  into 
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Fio.  211.— Two  spleens  011  transverse  section,    n,  HEemorrhagic  infarct ;  h,  decolorised  infarct  with 

betrinninK  cicatrisation.     Natural  size. 


the  spaces  of  the  spleen  pulp  and  distends  these  greatly.  That  part  of  the 
spleen  tissue  where  the  arteries  are  blocked  by  an  embolus  or  by  a  ligature 
is  now  abnormally  swollen,  and,  at  the  same  time,  is  dark  purple  from  the  great 
distension  of  the  .spaces  with  blood,  as  is  indicated  in  Fig.  211,  a.  The  absence 
of  the  collateral  circulation  after  embolic  occlusion  of  the  si^lenic  arteries  is 
explained  by  the  contractility  of  the  trabeculae  and  the  capsule  of  the  spleen. 
These  compress  the  spleen  tissue  when  the  arterial  supply  is  cut  off,  and  keep 
it  so  long  anaemic,  that  the  permeability  of  the  splenic  veins  is  increased  to 
such  an  extent  that  blood  extravasates  in  great  quantity,  over-distends  the 
spaces  of  the  pulp,  and  produces  the  condition  of  haemorrhagic  infarct.  The 
establishment  of  a  collateral  circulation  is  thus  no  longer  pos.gible.  The 
infarcted  spleen  tissue  dies  and  the  haemorrhagic  infarct  undergoes  further 
changes. 

First  the  infarct  becomes  decolorised.  The  process  of  decolorisation  has 
generally  been  explained  as  due  to  solution  of  the  haemoglobin  and  its  diffu- 
sion into  the  surrounding  tissues.     This  may  certainly  happen.     It  appears, 
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however,  that  the  dissolved  haemoglobin  may  be  locally  transformed  into 
colourless  substances,  in  consequence  of  the  absence  of  free  oxygen,  and  that, 
during  the  process,  dark  red  htemotoidin  crystals  (bilirubin)  are  separated  out. 
The  normal  bi-own  pigment  of  the  spleen  also  disappears,  as  a  result  of  the 
reduction  of  the  amount  of  oxygen  in  the  tissues,  as  Panski  and  I  have  shown. 
The  aft'ected  part  presents  the  appearance  of  a  decolorised  infarct.  It  is  pale, 
of  a  whitish  colour,  and  a  zone  of  cicatrising  connective  tissue  gradually 
develops  round  it  (Fig.  211,  IS).  Subsequently  the  infarcted  tissue  becomes 
slowly  absorbed,  so  that,  ultimately,  only  a  scar  (Fig.  212)  may  mark  the 
seat  of  the  earlier  lesion. 

Simple  emboli  of  the  renal  arteries  and  their  branches  have  quite  different  results. 
The  trunk  of  the  renal  artery  in  man  gives  off  some  branches  to  the  suprarenal 
capsules,  the  fat  at  the  hilum  of  the  kidney,  the  pelvis  of  the  kidney,  the 
ureter,  and  the  lumbar  lymph-glands.     The  interlobular  arteries  of  the  kidney 

are  mostly  in  connection  with  the  blood-vessels  of  the 
,,^^^  capsule  of  the  kidney  and  the  surrounding  fatty  tissue. 

^/    "  But  all  these  connectijns  are  very  slight,  so  that,  as  a 

''  rule,  the  conditions  for  the  development  of  a  collateral 

circulation  are  not  favourable.  On  the  other  hand, 
as  Litten  has  shown,  the  renal  epithelium  is  very 
sensitive  to  interferences  with  its  blood- supply.  The 
epithelium  of  the  tul)ules  dies  within  two  hours  after 
the  occlusion,  of  the  artery  which  supplies  it.  When 
small  quantities  of  blood  begin  to  flow  into  the  ischaemic 
area  from  the  collateral  connections,  chiefly  from  the  capil- 
laries of  the  capsule,  the  dead  renal  epithelial  cells 
greedily  absorb  the  water  contained  in  the  blood.  They 
thereby  swell  up  and  narrow  the  lumen  of  the  capillaries, 
and  all  the  more  so  because  the  tense  connective  tissue 
capsule  of  the  kidney  hinders  the  enlargement  of  the 
organ.  The  ischa^mia  induced  by  the  embolic  closure 
of  the  renal  artery  or  one  of  its  branches  therefore  be- 
comes permanent,  and  a  pale  infarct  is  formed  in  the 
kidney.  If  the  main  renal  artery  is  occluded,  the  whole 
organ  may  die  in  this  manner.  As  a  rule,  however,  it  is 
Fig.  2i2.-scar  in  spleen  tissue    only  smaller  branches  that  are  occluded.    The  pale  infarct 

after  infarct.     Transverse      •     .1  t   i-       j.i  i  ^  ^  ^    •  ^i      t      -i.     i   j. 

section.  Keducedinsize.    ^^  then  distinctly  wedge-shaped,  and  is  mostly  limited  to 

the  cortex.  The  corresponding  part  of  the  medulla,  on 
the  other  hand,  often  appears  much  reddened  or  even  hsemorrhagically  infarcted 
in  the  region  of  the  vasa  recta.  In  this  area  the  swelling  of  the  epithelium  cannot 
manifestly  cause  such  contraction  of  the  capillaries.^  The  change  in  the 
permeability  of  the  vessel  wall  produced  by  cutting  oflP  the  arterial  supply  may 
therefore  appear  in  this  part  as  a  hfemorrhagic  infarction.  If  the  pale  infarct  of 
the  kidney  in  man  is  examined  microscopically,  it  is  seen  that  the  general 
features  of  the  kidney  structure  are  maintained.  The  suj^porting  connective 
tissue  is  somewhat  opaque,  and  is  stretched  and  narrowed  in  consequence  of  the 
increase  in  size  of  the  tubules.  The  epithelial  cells  of  the  tubules,  which,  to 
the  naked  eye,  appear  whitish  by  reflected  light,  are  opaque  when  examined 

^  In  other  diseases  of  the  kidney  which  are  associated  with  a  great  increase  in  the  volume  of  the 
epithelium,  e.g.  in  certain  forms  of  parenchymatous  nepliritis,  an  auKmia  of  the  cortex,  and  con- 
gestion of  the  medulla,  although  without  hajmorrhagic  infarction  of  the  latter,  may  be  observed  after 
death. 
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by  transmitted  light  Avith  the  microscope  (Fig.  213).  The  outlines  of  the 
individual  cells  in  the  convoluted  tubules  cannot  be  distinctly  seen.  Their 
protoplasm  is  coarsely  granular,  sometimes  showing  clear  homogeneous 
spherules,  which  undoubtedly  consist  of  swollen  albumen  (nuclein  ?).  The 
lumen  of  the  canals  is  (after  hardening  in  alcohol)  filled  with  coagulated  masses, 
Avhich  are  for  the  most  part  rather  finely  granular,  but  in  some  places  include 
homogeneous  spherules  of  swollen  albumen.  The  nuclei  of  the  epithelium,  the 
connective  tissue,  and  the  blood-vessels  are  altered  throughout  the  whole  extent 
of  the  infarct,  so  that  they  no  longer  take  on  the  usual  stains.  Only  here  and 
there  faintly  stained  masses  of  granules  are  found — the  remains  of  nuclei  that 
have  undergone  gi'anular  degeneration. 

These  are  the  changes  which  follow  local  death  of  tissue.  Subsecpiently 
a  zone  of  very  cellular  connective  tissue  develops  around  the  infarct.  This 
gradually  penetrates  the  infarct  and  cicatrises.  The  dead  renal  tissue  is  gradu- 
ally absorbed,  and,  finalh',  a  cicatrix,  varying  in  size,  remains  as  the  only 
indication  of  the  lesion. 

l]nute  mftcniiui  of  the  brain  develops 
in  a  similar  manner  from  embolic  occlu- 
sion of  the  small  cerebral  arteries. 
Occlusion  of  the  main  trunks  of  the 
cerebral  arteries,  as  already  mentioned, 
leads  to  no  change  of  any  importance, 
so  long  as  a  free  collateral  circulation  is 
provided  by  the  circle  of  Willis.  On  the 
other  hand,  Avhite  softening  of  separate 
areas  is  generally  seen  in  embolism  of 
the  small  arterial  branches  which  supply 
the  basal  ganglia  (corpus  striatum  and 
optic  thalamus).  These,  as  shown  by 
Duret,  have  absolutely  no  arterial  anasto- 
moses. Their  occlusion  therefore  favours 
the  occurrence  of  local  ischasmia ;  but, 
further,  the  tissue  of  the  central  ner- 
vous system  is  even  more  sensitive 
than  the  kidney  to  deprivation  of  blood. 
It  dies  in  a  few  minutes,  and  then, 
like  the  kidney,  swells  up  and  thus  compresses  its  capillaries.  The  ischsemia 
becomes  complete,  and  the  development  of  a  collatei^al  circulation  is  prevented. 
The  dead  tissue  becomes  fluid  and  is  absorbed,  so  that  finally  a  cavity  filled  with 
a  turbid  fluid  remains.  Similar  changes  are  produced  by  embolism  of  the  larger 
arteries  of  the  cerebral  cortex,  e.g.  middle  cerebral.  According  to  Duret, 
these  have  certainly  numerous  arterial  anastomoses  ;  yet,  in  spite  of  this,  large 
emboli  produce  white  softening  of  the  cortex,  although  this  is  limited,  as  a  rule, 
to  smaller  areas  in  which  the  collateral  circulation  is  developed  either  imper- 
fectly or  not  at  all. 

After  embolwn  of  the  mperior  mesenteric  artery,  as  Litten  has  shown,  it  is 
specially  difticult  for  collateral  circulation  to  develop.  There  are,  of  course, 
anastomotic  connections  with  the  coeliac  and  the  inferior  mesenteric  arteries  ; 
but  these  anastomoses  are  insufficient  in  relation  to  the  very  considerable 
extent  over  which  the  branches  of  the  superior  mesenteric  artery  are  distributed, 
namely,  the  jejunum,  ileum,  the  ascending  and  half  of  the  transverse  colon. 
Litten  was  able  to  show  that,  after  ligature  of  the  superior  mesenteric  artery,  the 
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Fig.  213. — Tubules  and  iuterstitial  tissup  from  a  pale 
infarct  of  the  kidney,  x  000. 
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blood-pressure  within  it  was  reduced  to  nil.  No  blood  escaped  Avhen  the  artery- 
was  divided  on  the  distal  side  of  the  ligature.  The  absence  of  the  collateral  circula- 
tion was  followed  by  impairment  of  the  nutrition  of  the  walls  of  the  capillaries, 
which  soon  became  very  considerable.  In  my  opinion,  the  rapidity  with  which 
severe  nutritive  disturbances  of  the  walls  of  the  intestinal  capillaries  develop 
is  due  to  the  presence  of  large  amounts  of  digestive  juices,  products  of  digestion, 
microbes,  and  the  products  of  their  action,  all  of  which  attack  the  anaemic  bowel 
wall. 

The  capillary  walls  l^ecome  very  permeable.  The  blood  contained  in  them 
escapes  into  the  tissue  of  the  bowel  wall,  particularly  the  mucosa  and  submucosa, 
Avhile  the  capillaries  are  re-filled  from  the  veins.  In  a  short  time  hsemorrhagic 
infarction  and  necrosis  of  the  mucosa  and  submucosa  of  a  large  part  of  the 
small  and  large  intestine  develop,  and  bloody  diarrha?a  occurs.  Similar  changes 
are  produced  in  the  serous  coat,  because  the  toxic  action  of  the  bowel  contents 
extends  to  this  and  induces  septic  peritonitis.  Death  follows  in  a  short  time 
Avith  symptoms  of  septic  intoxication. 

The  facts  stated  with  regard  to  simple  emboli  may  be  summed  up  somewhat 
as  follows  : — 

(1)  The  occlusion  of  arteries  by  simple  emboli  is  generally  compensated  for  by 
development  of  a  collateral  circulation. 

(2)  If  the  local  conditions  prevent  the  development  of  a  collateral  circulation, 
the  local  ischremia  is  followed  by  a  disturbance  of  the  nutrition  of  the 
endothelium  of  the  vessel  Avail,  Avhich  is  indicated  by  a  great  increase  in 
the  permeability. 

(3)  The  great  increase  in  the  permeability  of  the  capillary  wall  leads, 
generally,  to  an  escape  of  blood  plasma  and  some  of  the  red  and  white 
corpuscles  into  the  tissue.  The  space  thus  vacated  in  the  capillaries  is 
immediately  filled  Avith  blood  from  the  neighbouring  capillaries  or  veins, 
which  continues  to  pass  into  the  tissue  of  the  embolised  area  until  the 
pressure  in  this  tissue  is  equal  to  the  pressure  Avithin  the  surrounding 
capillaries  and  A'eins.  In  consequence  of  the  removal  of  plasma  the 
blood  in  the  embolised  area  undergoes  stasis.  To  this  is  superadded  the 
phenomena  of  dicqyedesis,  the  passage  of  red  blood  corpuscles  through  the 
altered  vessel  Avail  into  the  tissue.  The  embolised  area  now  shoAvs  the 
characters  of  hcemorrhagic  infarct;  the  nutrition  of  the  tissue  Avithin  this 
area  is  permanently  interrupted.  The  infarcted  area  dies.  It  becomes 
decolorised  (decolorised  infarct).  Finally,  the  dead  tissue  is  absorbed  and 
replaced  by  a  cicatrix. 

(4)  If  after  embolic  occlusion  of  an  artery  the  tissue  of  the  ischaemic  area 
dies  rapidly,  SAvells  up  and  compresses  the  capillaries,  so  that  both  the 
development  of  a  collateral  circulation  and  the  occurrence  of  stasis  and 
diapedesis  are  prevented,  no  haemorrhagic  infarct  is  formed,  but  in  its 
place  a  white  infarct  or  a  tchite  softening.  The  area  of  necrosed  tissue 
in  this  case  remains  permanently  anaemic.  It  appears  white  or  pale  in 
consequence  of  the  opacity  produced  in  the  tissue  after  it  dies.  It  may 
be  inspissated  and  become  paler  {white  infarct),  or  may  be  liquefied  {white 
softening).     It  ultimately  undergoes  absorption. 

Infective  emboli  produce  at  first  the  same  circulatory  disorders  as  simple 
emboli,  but  to  these  are  superadded  the  action  of  the  infective  poison.  This 
may  materially  influence  even  the  first  stages  of  the  circulatory  disturbance. 

The  lungs  may  be  taken  as  an  example  of  such  occurrences.  Simple  emboli 
in  single  branches  of  the  pulmonary  artery  lead  regularly  to  the  development 
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of  a  collateral  circulation,  as  is  distinctly  seen  from  the  observations  and 
experiments  of  Virchow,  Kiittner,  Cohnheim,  and  Litten.  It  is  only  multiple 
simple  emboli  in  numerous  branches  of  the  pulmonary  artery  that  are,  under 
certain  circumstances,  followed  by  relatively  small  ha^morrhagic  infarctions  of 
the  organ. 

Infective  emboli,  such  as  are  frequently  enough  observed  in  metastatic 
pyaemias,  on  the  other  hand,  sometimes  produce  h?emorrhagic  infarctions  which 
occasionally  are  sharj^ly  circumscribed.  Under  such  circumstances  it  appears 
probable  that  the  poison  contained  in  the  emboli  has  an  injurious  effect  on  the 
capillary  walls  and  produces  hsemorrhages  which  fill  the  corresponding  lobules 
of  the  lung  with  Ijlood,  although  no  pronounced  ischsemia  preceded  the 
infarction. 

Similar  haemorrhagic  infarctions  occur  also  in  other  organs  from  infective 
emboli.  They  do  not  occur  regularly,  however.  The  formation  of  metastatic 
abscesses  is  to  be  regarded  as  the  regular  consequence  of  the  occlusion  of  vessels 
by  emboli  containing  pyogenic  organisms.  This  will  be  subsequently  con- 
sidered more  fully  in  relation  to  suppuration.  It  is  enough  here  to  point  out  that 
the  occurrence  of  metastatic  suppuration  is  independent  of  the  question,  whether 
the  embolism  is  followed  by  a  collateral  circulation  or  not.  The  suppuration  is 
the  result  of  the  presence  of  pyogenic  organisms  and  the  products  of  their 
metabolism.  On  the  other  hand,  the  extent  of  the  abscess  is  very  frequently 
influenced  by  the  disorder  of  the  circulation  which  the  embolus  produces 
mechanically.  Ischaemia  as  well  as  haemorrhagic  and  pale  infarcted  areas  are 
more  sensitive  to  the  attacks  of  the  pyogenic  organisms  than  tissues  in  which 
the  circulation  is  normal.  If,  therefore,  infective  emboli  enter  the  spleen,  the 
kidneys,  or  the  brain,  abscesses  frequently  form  which  correspond  in  form  and 
in  size  to  the  above -described  red  and  white  infarcts  and  white  softenings. 
The  details  of  abscess  formation  will  be  considered  fully  under  suppuration. 
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IV.  Local  Venous  Congestion 

Local  venous  hypersemia  arises  from  obstruction  to  the  outflow  of  blood 
from  the  veins.  This  may  be  caused  by  thromboses,  external  pressure,  ligature, 
pressure  of  cicatrices,  and  many  similar  conditions  which  also  narrow  the  veins 
locally.  It  occiirs  in  the  same  way,  but  to  a  much  greater  extent,  if  the 
obstruction  is  in  the  thorax  or  abdomen.  Increase  of  pressure  in  the  peritoneal 
cavity  during  pregnancy,  from  large  tumours,  or  great  accumulation  of  fluid 
are  the  most  important.  This  pressure  is  exerted  on  the  contents  of  the  large 
venous  trunks  which  lie  immediately  behind  the  peritoneum,  and,  so  long  as 
the  arterial  pressure  remains  unalter-t;d,  impedes  not  only  the  circulation  within 
the  abdominal  viscera,  but  also  that  of  all  the  organs  whose  veins  open  into 
the  inferior  vena  cava.  There  is  this  diff"erence,  however,  in  the  effects  in  the 
two  cases,  that  the  increased  intra-abdominal  pressure  also  compresses  the 
capillaries  of  the  organs  in  the  abdominal  cavity,  and  therefore  causes  anaemia 
of  the  abdominal  organs,  while  in  the  lower  extremities  there  is  only  the 
obstruction  to  the  venous  outflow. 

The  obstruction  to  the  venous  outflow  leads  to  a  retardatmi  of  the  blood-stream 
in  the  veins  and  capillaries  in  the  affected  area. 

The  retardation  of  the  circulation  reduces  the  frictional  resistance.  A 
smaller  fraction  of  the  arterial  pressure  is  therefore  lost  through  friction  in  the 
congested  area,  so  that  there  is  a  rise  of  the  blood-pressure  in  the  capillaries  and 
veins  in  this  area. 

The  rise  of  pressure  leads  to  a  loidening  of  the  lumen  of  the  capillaries  and  veins, 
which  again  causes  retardation  of  the  stream  in  these  areas.  Further,  the  rise 
of  pressure  causes  an  increase  in  transudation,  which  may  produce  dropsy  (ojdema) 
if  the  lymph-vessels  become  unable  to  carry  off  the  fluid  that  has  transuded 
into  the  tissues. 

Finally,  the  obstruction  to  the  venous  escape  is  followed  not  only  by  slowing 
of  the  current,  but  also  by  a  diminution  in  the  amount  of  blood  which  flows  through 
the  congested  area  in  a  given  time. 

In  the  arteries  of  the  congested  area,  when  the  obstruction  is  very  great,  the 
blood-stream  is  greatly  retarded,  while  the  pulse  becomes  more  distinct.  The 
blood  oscillates  backwards  and  forwards  in  the  arteries,  so  that  the  systolic  advance 
is  somewhat  greater  than  the  diastolic  recession.  At  the  same  time,  the  arteries 
appear  slightly  narrowed  or  of  normal  width,  as  Zielonko  has  demonstrated  in 
the  web  of  a  frog.  This  narrowing  of  the  arterial  wall  in  venous  congestion 
again  confirms  my  laAv  that  retardation  of  the  flow  in  an  artery  leads  to  a  con- 
traction of  that  artery,  the  contraction  being  due  either  to  the  tone  of  the 
vessel  wall  or  to  an  alteration  in  its  structure.     If  in  severe  congestions  the 
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contraction  of  the  ^vall  is  only  slight  or  altogether  absent,  this  is  perhaps  the 
consequence  of  the  fact  that  the  great  retardation  of  the  blood-stream  lowers 
the  nutrition  of  the  wall  of  the  vessel,  and  perhaps  also  injures  the  nutrition  of 
the  nervous  apparatus  of  the  vessel  wall.  In  congestions  of  less  degree  the 
narrowing  of  the  arteries  is  more  easily  determined.  This  may  sometimes  suffice 
to  re-establish  the  normal  rapidity  of  the  blood-stream  in  the  contracted  arteries, 
notwithstanding  tlie  fact  that  the  current  in  the  capillaries  and  veins  ma}'  be 
considerably  retarded. 

These  events  can  be  very  easily  followed  in  the  tongue  of  the  frog.  Fig.  214 
shows  the  branching  of  a  frog's  tongue,  which  is  so  far  abnormal  that  the  right 
lateral  vein  of  the  tongue  is  relatively  poorly  developed.  The  left  lateral  vein 
Avas  ligatured  at  /,  after  the  frog  had  been  curarised.  The  tongue  was  then 
replaced  in  the  mouth.  Twenty  hours  later  it  showed  only  traces  of  redness 
and  swelling  when  lying  in  the  floor  of  the  mouth.  When  stretched  on  the 
special  apparatus  it  rapidly  became  redder,  and  the  tongue  showed  the  con- 
ditions indicated  in  the  fi2;ure. 

In  the  area  of  the  left  lateral  vein  there  was 
considerable  congestion,  indicated  in  the  drawing  b}^ 
the  dilatation  of  the  branches,  "which  is  perhaps  some- 
Avhat  exaggerated.  Microscopically,  the  current  in  the 
arteries  was  only  slightly  slowed,  that  in  the  capillaries 
rather  more  so.  The  current  in  the  veins  that 
were  greatly  dilated  was  exceedingly  sluggish.  Still 
it  was  never  completely  arrested,  since  the  right 
lateral  vein,  in  spite  of  its  abnormally  small  size, 
provided  a  collateral  circulation,^  and  on  the  left  side 
there  is  also  a  collateral  circulation  throufrh  some 
capillaries.  The  arteries  in  the  congested  area  were 
found,  twenty  hours  after  ligature,  to  be  somewhat 
■narrower  than  at  the  beginning  of  the  experiment. 
This  narrowing  Avould  probably  have  been  greater 
had  it  not  been  that  the  stretching  of  the  tongue 
necessary  for  the  measuring  of  the  arteries  alwaj-s 
dilates  them.  The  difterence  in  the  vessels  before  and 
during  the  congestion  is  however  quite  distinct,  if,  after 
ligature,  the  tongue  is  replaced  for  a  time  in  the  mouth,  in  order  to  allow  the 
immediate  consequences  of  the  unavoidable  (mechanical)  laceration  of  the  tongue 
during  ligature  to  pass  off. 

This  experiment  shows  how  the  circulation  is  carried  on  after  occlusion  of 
a  vein  in  cases  in  which  anastomoses  exist,  but  are  relatively  slight.  The 
results  are  quite  different  wdien  both  lateral  veins  are  ligatured  at  the  root  of 
the  tongue.  This  proceeding  closes  all  means  of  escape  by  the  veins  and 
renders  the  venous  anastomoses  useless.  Accordinglj^,  a  high  degree  of  venous 
engorgement  develops  immediately.  The  tongue  becomes  dark  red.  In  many 
capillaries  the  blood  completely  loses  its  plasma,  so  that  stasis  begins  to  appear 
in  many  places.  Even  although  the  tongue  be  replaced  in  the  mouth,  no 
compensation  follows  to  remove  the  disturbance  produced  by  the  tension  of 
the  organ.     In  twenty  hours  the  terminal  half  of  the  tongue  which  is  still  in 

^  For  this  experiment  I  have  purposely  chosen  frogs  which  show  the  above-mentioned  ab- 
normality, in  order  to  show  the  importance  of  the  action  of  a  small  previously  existing  venous 
channel.  After  ligature  the  tongue  must  on  no  account  (as  is  often  done)  be  left  stretched  on 
the  apparatus,  since  this  injures  it,  so  that  stasis  is  very  easily  induced.  This  should  be  borue  in 
mind  if  the  experiment  is  repeated. 


Fig.  214. — Veins  of  the  tougue  of 
the  frog  twenty  hours  after 
ligature  of  tlie  left  lateral  vein 
at  /,  X  -2. 
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the  mouth  is  deeply  reddened  and  slightly  swollen  as  far  as  the  line  of  the 
ligature. 

If  the  organ  is  then  spread  out  for  microscopic  examination,  stasis  and 
escape  of  red  corpuscles  (diapedesis)  into  the  tissues  will  be  seen  ;  but  the 
circulation  is  not  fully  arrested.  The  column  of  blood  in  the  arteries  shows 
active  oscillatory  movements  synchronous  with  the  pulse,  and  at  the  same 
time  moves  slowly  forwards.  The  blood-current  then  escapes  from  the  arteries 
into  some  still  pervious  capillaries,  and  finds  its  way  through  these  into  the  veins, 
which  are  very  greatly  dilated  (Fig.  215).  The  current  that  enters  the  veins 
is,  however,  very  slow,  since  the  only  outlet  for  the  venous  blood  is  by  some 
capillaries  at  the  root  of  the  tongue.  This,  of  course,  will  only  be  reached  by 
the  blood  floAving  backwards  through  some  small  venous  branches  towards  the 
capillaries  which  lead  to  the  anastomoses.  The  arteries  when  measured  under 
the  microscope  appear  slightly  narrowed,  as  ir  the  preceding  case. 

In  warm-blooded  animals  and  in  man  such  a  condition  of  the  arterial  walls 

cannot  be  directly  demonstrated,  still  there  are 
grounds  for  supposing  that  a  similar  condition  exists. 
Emminghaus  found  that  after  simple  ligature  of 
the  veins  in  dogs  there  was  only  a  slight,  though 
certainly  demonstrable,  increase  of  transudation  and 
formation  of  lymph.  On  the  other  hand,  the  experi- 
ments of -Ranvier,  Helm,  Emminghaus,  and  Rott  have 
shown  that,  after  ligature,  the  transudation  increases 
very  considerably,  and  that  dropsy  or  cedema  of  the 
tissues  in  the  congested  areas  supervenes  fairly 
regularly  if  the  cmresponding  vaso-motar  nerves  are  also 
(livided.  The  result  of  these  experiments  is  easily 
explained,  since  Emminghaus  has  shown  that  section 
of  the  vaso-motor  nerves  raises  the  temperature  of  the 
jiaw  of  the  animal.  This  points  directly  to  a  dilata- 
tion of  the  arteries  of  the  limb.  Therefore,  we  may 
at  once  conclude  that  the  dilatation  of  the  arteries 
which  follows  the  section  of  a  nerve  materially  in- 
creases the  effect  of  the  obstruction  to  the  outflow 
of  the  venous  blood. 

This  result  is  completely  in  harmony  "with  the 
conditions  found  in  human  pathology.  It  is  most  simply  explained  by  the 
assumption  that  the  diminution  of  the  amount  of  blood  which  flows  through  a 
vascular  area  in  a  given  time  as  the  result  of  venous  engoi'gement  is  followed 
in  warm-blooded  animals  and  in  man,  just  as  in  the  frog,  by  a  slight  contrac- 
tion of  the  afferent  arteries. 

The  contraction  of  the  arterial  wall  in  moderate  degrees  of  engorgement  is 
certainly  insufficient  to  re-establish  the  normal  rate  of  flow  of  the  blood-current 
in  the  artery,  perhaps  because  the  nutrition  of  the  vaso-motor  nervous  mechanism, 
and  therefore  of  the  regulation  of  the  vascular  tone,  is  disturbed  within  the 
congested  area.  The  slight  contraction  of  the  afferent  arteries,  however, 
impedes  the  access  of  blood,  and  the  consequence,  therefore,  is  that  the  rise  of 
pressure  caused  by  the  engorgement  proves  to  be  relatively  small.  Accordingly, 
the  transudation  increases  only  slightly,  and  dropsical  eflfusions,  as  a  rule,  do  not 
appear.  Capillaries  and  veins  are  certainly  dilated,  and  the  rate  of  the  flow 
through  them  is  undoubtedly  diminished.  The  diminution  of  the  arterial 
supply  then  renders  it  possible  that  the  pre-existing  venous  anastomoses  and 


Fig.  215.— Veins  of  the  tongue  of 
frog  twenty  hours  after  liga- 
ture of  both  lateral  veins  at 
I,  I.  The  dots  are  intended 
to  indicate  the  numerous 
ha?morrhages  by  diapedesis. 
x2. 
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the  collateral  channels  may  suffice  to  carry  away  the  blood  from  the  congested 
area,  so  that  there  is  no  rise  of  pressure  of  any  importance  in  the  ca^iillaries,  or 
any  considerable  increase  of  transudation,  or  any  oedema. 

It  is  only  when  all,  or  the  great  majoritj^,  of  the  veins  of  an  area  are 
occluded  that,  even  although  the  arteries  are  narrowed,  the  pressure  in  the 
capillary  areas  and  in  the  small  and  large  veins  rises  so  considerably  that  the 
transudation  increases  to  a  considerable  extent  and  oedema  occurs. 

Diseases  of  the  arteries,  however,  in  Avhich  the  muscular  apparatus  of  the  wall 
is  weakened,  and  their  tone  impaired  (arteriosclerosis),  lead,  as  is  well  known, 
even  in  slight  congestions,  to  such  increase  of  transudation  as  to  cause  watery 
effusions.  The  same  result  takes  place  in  man  if  disturbance  of  the  vaso-motor 
innervation  is  associated  with  venous  engorgement.  So,  for  example,  com- 
pression and  transverse  crushing  of  the  spinal  cord  in  injury  to  the  bodies  of 
the  vertebrpe  leads,  in  many  cases,  to  a  dilatation  of  the  arteries  of  the  lower 
limbs,  and  this,  when  venous  engorgement  supervenes,  is  associated  with  oedema 
(Laycock,  Leyden). 

In  external  parts  of  the  body,  especially  in  the  extremities,  venous  conges- 
tion presents  the  following  features  : — 

(1)  Increased  swelling  of  the  tissue,  in  consequence  of  the  dilatation  of  the 
capillaries  and  veins,  and  of  the  increased  distension  of  the  connective  tissue 
spaces  with  transudation. 

(2)  Reduced  temperature  of  the  shin,  because  in  a  given  time  smaller  quantities 
of  Ararm  blood  flow  through  the  congested  area,  and  therefore  less  heat  is 
brought. 

(3)  Purple  coloration  of  the  skin,  cyanosis^  especially  in  the  tips  of  the  fingers 
and  toes,  because  the  blood  in  the  capillaries  contains  an  increased  amount  of 
carbonic  acid,  in  consequence  of  the  slowing  of  the  blood-current. 

These  appearances  may  be  of  long  duration  if  the  action  of  the  heart  is  so 
impaired  that  it  produces  local  venous  hyper?emia  in  all  parts  of  the  body — that 
is,  if  this  local  venous  hypera?mia  is  part  of  a  general  venous  hyperaemia. 

The  increased  transudation,  consequent  on  the  engorgement,  leads  to  over- 
nutrition  of  the  tissue,  which  appears  especially  in  the  extremities  in  the  form 
of  thickenings  of  the  skin,  the  subcutaneous  and  intermuscular  connective 
tissues,  as  in  elephantiasis.  In  slighter  degrees  of  chronic  congestion,  thicken- 
ings of  the  terminal  joints  of  the  toes  and  fingers  (clubbed  fingers)  are  seen. 

In  a  merely  local  venous  hypercernia  the  above -described  symptoms  of  con- 
gestion are  usually  only  temporary,  because  in  the  venous  system  there  are 
always  numerous  anastomoses  which  permit  a  full  collateral  circulation  to  be 
developed.  Even  the  once  much-dreaded  ligature  of  the  trunk  of  the  femoral 
vein  is,  as  shown  by  H.  Braun's  statistics,  only  followed,  as  a  rule,  by  transient 
circulatory  disturbances,  provided  no  complications  exist. 

Among  these  complications  may  be  specially  mentioned  diseases  of  the 
arteries  (arteriosclerosis),  with  contraction  or  dilatation  of  the  arteries,  diseases 
of  the  veins  and  capillaries  involving  an  increase  in  the  permeability  of  the 
Avails,  as  Avell  as  multiple  thromboses  of  the  veins.  The  above-mentioned 
symptoms  are  then  more  prominent,  last  longer,  and  are  associated  with 
cederna  of  the  congested  area. 

The  highest  degrees  of  congestion  develop  from  the  occlusion  of  all  efferent 
veins  of  a  vascular  area,  or  by  ligatures  of  the  extremities  which,  hoAvever, 
leave  the  arteries  pervious  (Cohnheim,  Arnold). 

The  retardation  of  the  current  is  in  this  case  very  considerable,  as  is  also 
the  rise  in  pressure  in  the  capillaries  and  veins,  which  may  be  as  high  as  in  the 
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arteries.  The  slowly  flowing  blood,  under  these  circumstances,  gives  ott'  all  its 
plasma  to  the  tissues.  The  red  corpuscles  in  the  capillaries  press  closely  on 
each  other  and  form  a  homogeneous,  dark-red,  immobile  mass  (stasis). 

The  blood-stream  is  thereby  completely  interrupted.  The  nutrition  of  the 
capillary  wall  suffers.  It  becomes  highly  permeable,  so  that  the  red  corpuscles 
partly  pass  through  it  into  the  tissues  {diapedesis).  A  hsemorrhagic  infarction 
of  the  tissues  develops,  to  which  is  finally  added  local  tissue  death  {necrosis), 
with  subsequent  mummification  or  putrefactive  decomposition  {dry  or  moist 
gangrene).  In  slighter  degrees  of  venous  congestion  in  the  internal  organs,  if  of 
short  duration,  no  changes  of  importance  are  left  behind.  If  the  duration  is 
longer,  it  is  possible  that  the  dilated  capillaries  may  injure  the  delicate 
tissues  in  the  neighbourhood  by  pressure  and  cause  them  to  disappear.  On 
the  other  hand,  great  thickening  of  the  connective  tissue  stroma  of  the  organ 
(induration)  may  sometimes  be  produced  under  such  conditions.  Frequently, 
also,  red  corpuscles  pass  through  the  distended  capillary  walls,  and  are  partly 
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Fig.  210. — CEdeiiiatous  spleen  pulp  of  the  dog,  showing  three  veins  of  the  pulp  on  transver.se  section.    Ten 

minutes  after  ligature  of  the  splenic  vein.     x250. 

dissolved  in  the  tissues,  partly  converted  into  brown  granular  pigment 
(hcematogenous  pigmentation).  The  development  of  a  collateral  circulation  is  Aery 
often  seen  in  the  veins. 

Complete  occlusion  of  all  the  veins  of  an  organ  has  always  serious  conse- 
quences. The.se  agree  in  many  respects  with  the  consequences  of  simple  emboli 
in  arteries  ;  indeed,  these  complete  obstructions  of  the  veins  of  certain  organs  are 
occasionally  produced  by  retrograde  embolism. 

Eetrograde  embolism  oi'  ligature  of  the  splenic  veins  leads  to  the  formation  of 
hcemorrhagic  infarcts.  In  consequence  of  the  obstruction  to  the  venous  outfloAv 
from  the  spleen,  the  veins  of  the  pulp  become  over-distended  with  blood.  If 
the  spleen  of  the  dog  is  examined  microscopically  five  or  ten  minutes  after 
ligature  of  the  veins,  it  is  found,  as  Sokoloff'  and  I  have  shown,  that  the  meshes 
of  the  spleen  pulp  are  also  dilated  and  filled  with  fluid  which  contains  only  a 
few  red  corpuscles.  Thus  a  congestive  oidema  of  the  spleen  pulp  is  developed 
(Fig.  216).  This  may  also  serve  as  a  strong  argument  that  in  the  spleen  the 
blood  circulates  in  closed  channels,  although  certainly  the  wall  of  these  vessels  in 
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the  spleen  are  more  permeable  than  those  of  the  blood-vessels  of  other  organs, 
since  some  scattered  red  corpuscles  are  almost  invariably  found  in  the  spleen  pulp. 
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Fig.  217. — Engorgement  of  tlie  meshes  of  the  spleen  ijulp  in  consequence  of  venous  hypenemia.    a,  a,  Arteries  ; 

V,  V,  veins.     Human  spleen,     x  400. 

If  the  engorgement  in  the  splenic  A^eins  lasts  for  a  longer  time,  in  the  dog  for 
fifteen  minutes  or  more,  the  appearance  alters  in  so  far  that  the  meshes  of  the 
pulp  are  now  densely  packed  with  red  corpuscles,  just  as  is  found  in  the  human 
spleen  after  brief  but  severe  venous  engorgement  (Fig.  217).  This  condition 
is,  however,  quite  abnormal,  since  the  organ  is  enlarged 
to  two  or  three  times  its  original  size,  is  dark  purple, 
and  its  capsule  is  tightly  stretched. 

If  the  ligature  is  applied  to  only  a  small  branch  of 
the  splenic  vein  in  the  dog,  similar  dark-red  infarctions 
appear  after  fifteen  to  thirty  minutes,  but  these  are 
limited  to  a  single  part  of  the  organ  (Fig.  218).  This 
is  a  condition  exactly  similar  to  the  results  produced 
by  a  retrograde  obstructive  embolism  of  a  splenic  vein. 
The  retrograde  embolism  of  a  splenic  vein  leads  also  to 
the  formation  of  ha'inorrhagic  infarctions,  and  it  is  to 
be  understood  that  these  also  decolorise  and  are  finally 
replaced  by  connective  tissue,  just  as  do  those  which 
arise  from  arterial  embolism. 

The  ligatures  of  the  renal  veins  which  Litten  made 
Avere  followed  by  deep  congestion,  bloody  infiltrations, 
and  great  increase  in  the  size  of  the  kidney,  associated 
with  death  of  the  epithelium.  It  may  therefore  be 
presumed  that  retrograde  emboli  of  the  renal  veins  may 
produce  hemorrhagic  infarctions.  Lastly,  J.  Arnold  has 
found  hemorrhagic  infarcts  of  the  liver  from  retrograde  embolism  of  the  hepatic 
veins. 


Fig.  218. — Circumscribed  hie- 
morrhagic  infarction  of 
the  spleen  five  days  after 
ligature  of  several 
branches  of  the  splenic 
vein.  Longitudinal  sec- 
tion of  a  dog's  spleen. 
Natural  size. 


3i8  OBSTRUCTION  OF  PORTAL   VEIN 

The  engorgement  of  the  j)ortal  vein  with  blood  is  of  special  importance  for  the 
subject  of  venous  congestion.  It  explains  the  reaction  which  venous  congestion  in 
a  single  vascular  area  may  have  on  the  blood-stream  in  general.  Ludwig,  Thiry, 
and  Tappeiner  have  shown  that  the  sudden  occlusion  of  the  portal  vein  of  the 
rabbit  may  be  fatal  in  a  few  hours,  in  consequence  of  the  rapid  fall  of  the  blood- 
pressure  in  the  aorta.  A  satisfactory  explanation  of  this  fact  has  not  yet  been 
given  ;  but  this  much  is  certain,  that  the  ligature  of  the  portal  vein  may  cause 
a  high  degree  of  hypertemia  in  the  radicles  of  the  portal  vein  and  in  the  wall 
of  the  bowel,  which  considerably  diminishes  the  return  of  blood  to  the  heart. 
(The  attempt  of  Tappeijier  to  determine  the  total  amount  of  the  blood  in 
the  body,  and  that  contained  in  the  radicles  of  the  portal  vein,  by  estimating 
the  colour  of  the  blood  washed  out,  have  given  no  reliable  results  in  this 
connection,  since  a  part  of  the  coloured  blood  pigment  might  have  been  con- 
verted into  colourless  combinations.)  Mall  has  recently  shown  that,  in  paralysis 
of  the  splanchnic  nerves,  the  portal  vein  and  its  radicles  can  easily  accommo- 
date one-fourth  of  the  total  amount  of  blood,  and  in  venous  congestion  this 
limit  may  be  considerably  exceeded.  The  fall  of  the  aortic  pressure  would 
then  be  attributable,  as  Ludwig  and  Thiry  originally  supposed,  to  the  with- 
drawal by  the  portal  vein  of  blood  which  ought  to  go  to  the  heart. 

In  man,  however,  a  sudden  occlusion  of  the  portal  vein  by  thrombosis  or 
embolism  does  not  seem  to  be  so  immediately  fatal,  although  it  always  produces 
very  urgent  symptoms,  and  eventually  causes  death.  The  pressure  in  the  portal 
trunks  increases  materially,  large  quantities  of  fluid  transude  from  the  dilated 
portal  radicles  into  the  peritoneal  cavity,  so  that  within  a  few  days  the 
abdomen  is  enormously  distended,  and  the  spleen  becomes  engorged  to  three  or 
four  times  its  normal  size.  Diarrhoea  of  a  watery,  mucous,  or  bloody  character 
may  occur  from  the  engorgement  of  the  veins  of  the  intestine.  This  is 
followed  l)y  a  rapid  loss  of  strength  and  a  fatal  termination  within  a  few  days. 

The  appearances  which  follow  slowly  developing  ohstruction  to  the  portal 
circulation  are  somewhat  similar.  If  this  arises  from  disease  of  the  liver,  a 
collateral  circulation  gradually  develops,  partly  through  the  suspensory  liga- 
ments of  the  liver,  partly  through  the  connections  of  the  radicles  of  the  portal 
vein,  with  the  inferior  oesophageal  veins  and  the  vena  azygos  on  the  one  hand, 
and  through  the  htemorrhoidal  and  hypogastric  veins  on  the  other.  The  signs 
of  venous  engorgement  are  not  removed  by  these  means,  but  the  fatal  termina- 
tion is  deferred  for  a  comparatively  long  period. 
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V.  Arterial  Hypersemia 

Arterial  hyperremia  is  the  result  of  the  dilatation  of  the  afferent  arteries  of  a 
vascular  area.  The  increase  in  the  lumen  of  the  arteries  involves  a  diminution 
of  the  frictional  resistance  to  the  blood-stream.  An  increased  amount  of  blood, 
therefore,  flows  through  the  hypercemic  area  in  a  given  time.  The  j^ressure  in  the 
capillaries  increases  because  the  blood-stream,  on  its  way  from  the  heart  to  the 
hypercemic  capillary  area,  has  its  force  less  reduced  in  consequence  of  the 
diminished  frictional  resistance.  This  explains  also  why  the  pulsatile  movement 
of  the  blood  is  continued  into  the  capillaries  and  even  into  the  veins,  so  that  a 
capillary  pulse,  and  sometimes  even  a  venous  pulse,  appears,  Avhich  is  com- 
paratively easily  recognised  subjectively.  Objectively,  the  ca^^illary  pulse 
produces  a  periodic  change  in  the  redness  of  the  skin  and  of  the  mucous 
membranes,  synchronous  with  the  pulse,  but  this  is  more  difficult  to  determine. 
It  is  more  easily  seen,  as  Quincke  showed,  in  the  pale,  semilunar  area  usually 
present  at  the  root  of  the  nail.  It  may  be  sometimes  detected  here  even  in 
healthy  men,  when  the  arm  is  raised.  It  takes  the  form  of  a  periodic  change, 
synchronous  with  the  pulse,  of  the  limit  between  the  pale  and  the  red  parts  of 
the  nail.  A  venous  pulse  from  arterial  hypertemia  was  first  observed  by  Claude 
Bernard  in  the  veins  of  the  submaxillary  salivary  glands  after  section  of  the 
sympathetic  and  stimulation  of  the  lingual  branch  of  the  fifth  nerve. 

The  rise  of  pressure  in  the  capillaries  leads  to  their  dilatation,  and  thus  to 
marked  reddening  of  the  hypersemic  area.  The  bloodstream  in  the  capillaries  and 
veins  is  accelerated  at  the  same  time.  The  acceleration  may  be  so  considerable 
that  the  blood-stream  in  the  veins  preserves  the  bright  red  colour  of  arterial 
blood.  It  is  generally  stated  that  the  blood -stream  in  the  arteries  is  also 
accelerated.  As  a  rule,  this  does  not  occur  according  to  my  experience,  and  it 
is,  a  priori,  improbable.  The  main  resistance  to  the  blood -stream  is  in  the 
capillaries.  If  the  arteries  dilate,  the  amount  of  blood  flowing  through  them 
increases,  but  hardly  in  a  more  rapid  ratio  than  the  transverse  section  of  the 
afferent  arteries,  as  would  have  to  be  the  case  if  the  rapidity  of  the  current  in 
the  arteries  were  to  be  increased.  Observation  rather  shows  that  the  simple 
dilatation  of  the  arteries  is  followed  by  a  slight  retardation  of  the  stream, 
which  by  no  means  negatives  an  increase  of  the  amount  that  flows  through. 

The  process  of  transudation  is  not  demonstrably  modified  by  the  in- 
crease of  pressure  produced  by  arterial  hypera^mia  (Paschutin,  Emminghaus). 
Emminghaus  was  only  occasionally  able  to  demonstrate  an  increase  in  the 
lymph  in  the  paw  of  the  dog  in  arterial  hypersemia  produced  by  section  of  the 
sciatic  nerve. 

Arterial  hypertemia  arises  from  : — 

(1)  Load  prressure  and  injury.  In  considering  local  anaemia,  it  was  stated  that 
a  light  stroking  of  the  skin  with  a  hard  substance  was  followed,  after  about 
thirty  seconds,  by  an  anemic  streak,  a  pale  line  on  the  skin.  If  firmer  pressure 
is  made  with  this  instrument,  a  red,  hyperasmic  streak,  bordered  by  two  pale 
anaemic  lines,  appears  on  the  skin  after  the  same  time.  If  the  firm  strokes  are 
more  frequently  repeated,  or  if  the  skin  be  scratched  for  a  time  with  the  finger- 
nails, red  specks  appear.  In  many  diseases  of  the  central  nervous  system 
(tabes,  myelitis,  meningitis)  the  results  are  somewhat  different.  In  such  cases, 
light  touch  or  gentle  stroking  of  the  skin  may  sometimes  produce  red  flecks 
and  streaks  (tdches  cdrSbrales,  Trousseau).  In  all  these  cases  the  vaso-motor 
innervation  is  manifestly  affected  by  irritation  of  the  skin,  but  it  is  difficult  to 
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determine  whether  the  influence  is  exerted  on  the  local  vaso-motor  apparatus  in 
the  walls  of  the  vessels,  or  reflexly,  through  the  cerebro-spinal  vaso-motor  centres. 
If,  as  stated,  the  experiment  runs  an  abnormal  course  in  diseases  of  the  central 
nervous  system,  this  may  depend  upon  the  fact  that  the  local  irritation  of  the 
skin  acts  reflexly  through  the  brain  and  spinal  cord.  But  it  is  also  conceivable 
that  in  diseases  of  the  brain  and  spinal  cord  the  peripheral  apparatus  situated 
in  the  walls  of  the  vessels  may  act  abnormally,  because  the  stimuli  that  reach 
them  from  the  centres  are  changed.  The  investigations  by  Goltz  in  dogs  have 
shown  that  after  section  of  the  vaso-motor  nerves  of  a  limb  the  vessels  gradually 
regain  their  tone,  even  although  the  nervous  connections  are  not  regenerated. 
It  is  doubtful,  however,  if  they  can  again  react  as  formerly  to  external  influences. 
This  does  not  appear  to  be  the  case,  since  stimulation  of  the  peripheral  end  of 
the  sciatic  nerve  immediately  after  its  section  produces  contraction  of  the 
vessels ;  but  in  a  few  days  similar  stimulation  causes  them  to  dilate.  In 
diseases  of  the  central  nervous  system,  the  condition  of  the  wall  of  the  vessel 
may  thus  be  difi'erent,  because  its  peripheral  nervous  apparatus  has  assumed 
another  character.  If  this  hypothesis  be  true,  we  have  therefore  no  ground 
to  attriljute  the  result  of  a  firm  or  gentle  stroking  of  the  skin  to  reflex 
action.     It  may  depend  on  purely  local  eff"ects  on  the  vaso-motor  nerves. 

More  severe  injuries  may  cause  local  arterial  hyperiTemia,  generally  associated 
with  other  changes,  which  have  been  already  more  fully  considered.  In  the 
same  manner,  moderate  warming  of  the  skin  leads  to  dilatation  of  the  vessels 
and  reddening,  even  after  the  nerves  which  form  the  connection  between  the 
cerebro-spinal  vaso-motor  centres  and  those  in  the  vessel  wall  have  been  com- 
pletely cut  across. 

(2)  Many  chemical  substances  produce  local  arterial  hyperemia  at  the  seat  of 
their  action.  This  can  be  very  clearly  shown  when  parts  of  the  body,  such  as 
the  tongue  of  the  frog,  or  the  mesentery  of  warm-blooded  animals,  are  irrigated 
alternately  with  0  "75  per  cent  and  1'5  per  cent  salt  solution  (Thoma).  The 
stronger  salt  solution  then  invariably  causes  arterial  dilatation  and  all  the  other 
phenomena  of  arterial  hyperemia.  Since  ancient  times,  a  number  of  substances 
— the  rubefacients — such  as  oil  of  mustard,  cantharidin,  etc.,  have  been  known, 
which  are  distinguished  by  producing  redness  and  even  vesicles  when  applied 
to  previously  uninjured  skin.  The  production  of  vesicles,  which  depends  on  an 
exudation  of  fluid,  clear  at  first,  between  the  cells  of  the  rete  Malpighi,  shows, 
however,  that  the  process  is  not  one  of  mere  arterial  hyperajmia,  but  is 
associated  with  exudation  processes.  Mucous  membranes  and  excoriated  sur- 
faces are  aff"ected  similarly  by  many  other  substances,  such  as  spirit,  ether, 
resins,  acids,  or  ammonia. 

(3)  Paralysis  of  the  vaso-motor  (or  more  accurately,  the  vaso-constrictor)  nerves 
may  produce  high  degrees  of  pure  arterial  hypera3mia.  The  most  important  of 
these  nerves  is  the  cervical  sijm,pathetic.  If  the  sympathetic  of  animals  be 
divided  high  in  the  neck,  great  dilatation  of  the  arteries  on  the  same  side  of  the 
head  may  be  observed  (Claude  Bernard),  as  well  as  contraction  of  the  pupil 
(myosis),  and,  as  already  mentioned  under  local  anasmia,  contraction  of  the 
arteries  of  the  opposite  side  of  the  head.  Stimulation  of  the  end  of  the  upper 
part  of  the  divided  nerve,  on  the  other  hand,  causes  contraction  of  the  vessels 
of  the  same  side  of  the  head.  After  section  of  tlie  friijcmiiud  nerve,  the  blood- 
vessels of  the  iris,  conjunctiva,  and  sclerotic  become  dilated,  as  well  as  those  of 
the  nasal  mucous  membrane  and  the  gums.  In  the  same  way,  the  arteries  of 
the  mesentery  and  the  kidneys,  and  also  the  portal  veins,  dilate  after  section  of 
one  or  both  splanchnics,  and,  at  the  same  time,  the  pressure  in  the  aortic  system 
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is  greatly  lowered.  The  opposite  result  follows  stimulation  of  the  cut  end  of  the 
peripheral  part  of  the  divided  splanchnic  nerve.  The  nerves  of  the  extremities 
also  contain  vaso-constrictor  fibres.  Section  of  the  brachial  'plexus,  sacral  plexus, 
or  sciatic  nerve  causes  arterial  hyperemia  of  the  corresponding  limb. 

The  result  of  section  of  the  cervical  sympathetic  is  specially  interesting  for 
human  pathology,  not  only  because  the  same  result  is  observed  in  animals  as  in 
injuries  to  the  cervical  sympathetic  in  man,  but  because  the  typical  symptoms 
of  hemicrania  (the  paralytic  form)  correspond  to  a  periodically  recurring  uni- 
lateral paralysis  of  this  nerve.  Still,  in  many  cases,  the  paralysis  of  the  cervical 
sympathetic  is  preceded  by  the  irritation  of  this  nerve,  as  is  shown  by 
contraction  of  the  arteries  of  one  side  {hemicrania  sympathetica  tonica).  The 
unilateral  headache  accompanying  the  disease  has  derived  its  name  from  it. 

(4)  rrritation  of  vaso-dilator  nerves  seems  to  cause  arterial  hypera3mia  (termed 
neurotonic  congestion).  Under  this  class  comes  herpes  zoster,  or  shingles,  a 
reddening  of  the  skin  which  goes  on  to  the  formation  of  vesicles,  and  which  is 
strictly  limited  to  the  distribution  of  a  cutaneous  nerve.  Danielssen,  Esmarch, 
and  Recklinghausen  have  shown  that  herpes  zoster  is  a  disease  of  the  corre- 
sponding nerves  (neuritis  intercostalis).  This  disease  is  supposed  to  cause  an 
irritable  condition  of  the  nerves  which  produces  the  above  changes  in  the  skin. 

Similarly,  erythemas,  associated  with  painful  sensations  (burning,  caus- 
algia),  are  observed  some  time  after  injuries  to  the  nerves  of  the  limbs.  If 
these  painful  sensations  are  attributed  to  nerve  irritation,  it  seems  fair  to  ascribe 
the  simultaneous  reddeninsr  of  the  skin  to  the  irritation  of  A^aso-dilator  fibres. 
This  explanation  is  supported  by  the  investigations  of  Schiff  and  Goltz,  from 
which  the  existence  of  vaso-dilator  fibres  may  be  inferred.  Goltz  has  been  able 
to  show  that,  some  days  after  section  of  the  sciatic  nerve  in  the  dog,  stimulation 
of  the  peripheral  part  of  the  nerve  no  longer  produces  contraction  of  the 
arteries,  but  causes  dilatation  of  the  arteries  and  rise  of  temperature  in  the 
limbs.  It  is  doubtful  how  far  this  result  may  be  explained  by  the  condition  of 
the  nervous  mechanism  in  the  walls  of  the  vessels  having  assumed  a  new 
character.  The  fact,  shown  by  Goltz,  that  in  the  paralysed  limb  the  arterial 
hypersemia  which  appears  at  first,  subsequently  disappears,  shows  that  these 
nerves  do  not  act  as  in  normal  animals.  The  difficulty  of  the  question  and 
the  very  copious  literature  on  the  subject  do  not  permit  me  to  do  more  than 
draw  attention  to  it.  In  the  consideration  of  the  disturbances  of  trophic  inner- 
vation it  will  be  referred  to  again. 

(5)  A  previous  local  ancemia  must  also  be  mentioned  as  a  very  important  factor 
in  producing  arterial  hypersemia.  It  is  practically  always  the  case  that  every 
local  antemia,  provided  it  does  not  last  too  short  a  time,  is  followed  by  an  arterial 
hypersemia,  if  the  causes  of  the  ansemia  disappear  before  serious  changes  occur 
in  the  nutrition  of  the  vessel  wall  and  of  the  tissue.  If  cold,  acting  locally, 
produces  local  ansemia,  local  hypersemia,  although  only  of  short  duration, 
regularly  follows  the  warming  of  the  affected  part  of  the  body.  This  fact  is 
of  practical  importance,  e.cj.  during  operations  in  tissues  that  have  been  rendered 
anaemic  by  Esmarch's  method.  If  one  lower  limb  is  firmly  bandaged  from  the 
toes  upward  and  a  strong  rubber  tube  then  bound  firmly  round  the  thigh,  the 
limb  may  be  amputated  below  the  ligature  with  scarcely  any  loss  of  blood 
worth  mentioning.  But  the  smallest  arteries  must  be  subsequently  tied  with 
great  care,  because,  after  the  tube  is  loosened,  all  the  large  and  small  arteries 
which  Avere  emptied  of  blood  during  operation  dilate  greatly  and  may  bleed 
profusely. 

(6)  Finally,  reflex  hypercemia  must  be  mentioned.     In  children,  during  their 
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first  dentition,  red  spots  may  often  be  found  on  one  side  of  the  face  which  can 
hardly  be  produced  otherwise  than  reflexly.  The  question,  how  far  diseases  of 
the  internal  organs  produce  reflex  hypertemias  of  the  skin  generallj-,  is  not  so 
easy  to  answer.  Griitzner  and  Heidenhain  have  shown  that  there  are  certain 
interactions  between  the  blood-stream  in  the  arteries  of  the  skin  and  muscles 
on  the  one  hand,  and  of  the  vessels  supplied  by  the  splanchnics  on  the  other. 
Human  pathology  occupied  itself  at  one  time  very  greatly  with  the  consideration 
of  such  vaso-motor  disturbances.  Very  few  reliable  facts,  however,  have  been 
obtained.  In  chronic  diseases  of  the  apices  of  the  lungs,  in  valvular  diseases 
of  the  heart,  and  in  abortion,  there  may  occur  uni-  and  bi-lateral  specks  on  the 
skin  of  the  face  and  neck,  with  great  secretion  of  sweat  and  contraction  of  the 
pupil  (paralysis  of  the  sympathetic). 
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VI.  stasis  (Stagnation  of  Blood) 

Stasis  is  that  form  of  stagnation  of  the  blood  which  arises  when  the  blood 
circulating  in  the  capillaries  is  completely  deprived  of  its  plasma.     The  corpuscles 

within  the  vessel  form,  in  this  case, 
a  more  or  less  completely  homo- 
geneous, dark -red,  immobile  mass 
(Fig.  219).  The  limits  between  the 
individual  red  corpuscles  have  dis- 
appeared. Only  a  single  leucocyte 
may  be  distinguished  here  and  there 
in  the  uniform  red  cylinders  which 
fill  the  capillaries. 

The  disappearance  of  the  out- 
lines of  the  cells  is  easily  explained 
by  the  fact  that  structures  and  out- 
lines which  are  composed  of  objects 
that  are  finer  than  0'0002  milli- 
metres ( =  half  the  length  of  a  violet 
light  wave)  can  no  longer  be  seen  by 
our  optical  instruments,  however 
much  the  magnifying  power  of  the  microscope  be  increased.  If,  then,  the 
amount  of  blood  plasma  diminishes  to  such  an  extent  that  the  thickness  of  the 
layers  of  fluid  between  individual  corpuscles  is  less  than  0*0002  millimetres, 
these  layers  of  fluid  can  no  longer  be  recognised.  If  it  be  further  remembered 
that  the  body  of  the  red  corpuscle  is  homogeneous,  it  necessarily  follows  that, 


Fig,  219. — Stasis  in  the  capillaries  of  the  frog's  tongue  in 
consequence  of  venous  engorgement,  x  215. 
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in  stasis,  the  blood  contained  in  the  capillaries  has  this  peculiar,  homogeneous, 
red  character. 

There  is  no  coagulation,  however.  Apart  from  the  fact  that,  as  already 
mentioned,  the  individual  cells  can  be  seen  under  the  microscope  without 
difficulty  in  coagulated  blood,  it  can  be  directly  demonstrated  that  there  is  no 
coagulation  in  stasis.  It  is  sufficient  to  remove  the  cause  of  the  stasis,  and  the 
plasma  Avill  penetrate  again  from  neighbouring  capillaries  between  the  red 
cells  of  the  capillaries  in  which  stasis  is  present.  One  by  one  the  unaltered 
cells  are  loosened  from  the  red  cylinders  Avhicli  filled  the  capillaries  (Fig.  220). 
Eventuall}^,  the  capillary  area, 
previously  in  stasis,  again  becomes 
pervious  and  the  normal  blood- 
stream is  completely  re-estab- 
lished. 

This,  of  course,  occurs  only  if 
the  stasis  has  not  lasted  too  long, 
and  if  no  further  changes  have 
taken  place.  If  the  stasis  has 
lasted  long,  the  nutrition  of  the 
vessel  wall  and  of  the  tissues 
suffers,  diapedesis  of  the  red  cor- 
puscles and  necrosis  of  the  tissues 
occur. 

Stasis  can  be  easily  induced 
experimentally  by  any  of  the 
means  which  remove  plasma  from 
the  lumen  of  the  capillaries. 
Evaporation  and  drying  may  be 
included  among  these,  Avhen  liv- 
ing tissue,  uncovered  or  covered 
with  only  slightly  resisting 
mucous  membranes,  is  exposed 
to  dry  air.  The  researches 
of  Wharton  Jones,  H.  Weber, 
Schuler,  Buchheim,  Vierordt, 
Gunning  and  others  have  shown 
that  strong  saline  solutions  of 
various      kinds     can     withdraw      t,     ooa    o     w      <■.,+••   ^^         n   ■      <-fi 

.  .         Ill         Fig.  220. — Resolution  of  the  stasis  m  the  capillaries  of  the 

water  from  the  circulating  blood  mesentery  of  the  dog,  x  750. 

through  the  capillaries,  by  diffu- 
sion, so  completely  that  stasis  occurs.  It  is  sufficient  to  irrigate  the  tissues 
of  a  living  cold-  or  warm-blooded  animal  with  a  3  or  5  per  cent  solution  of 
common  salt  (Thoma)  to  see  stasis  occur.  A  crystal  of  common  salt  or  sugar 
on  the  web  or  tongue  of  the  frog  or  on  the  mesentery  of  warm-blooded  animals 
acts  similarly.  The  red  corpuscles  in  these  experiments,  also,  undoubtedly 
lose  some  of  their  water.  Botkin  and  Aronheim  have  therefore  assumed  that 
the  elasticity  of  the  red  cells  alters.  The  change  in  the  elasticity  of  the  red 
cells  renders  them  stiffer  and  less  easily  bent,  so  that,  even  at  the  beginning  of 
the  stasis,  the  blood  moves  less  easily.  The  important  factor  in  stasis  is, 
hoAvever,  the  abstraction  of  the  plasma,  since  stasis  develops  in  correspondence 
with  this  and  disappears  with  renewed  access  of  plasma. 

Croton  oil  also  induces  the  phenomena  of  stasis  in  the  web  and  the  tongue 
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of  the  frog.  Since  there  is  no  reason  to  attribute  to  croton  oil  any  considerable 
power  of  abstracting  water,  one  is  compelled  to  assume  that  in  this  experiment 
the  croton  oil  increases  the  permeability  of  the  capillary  wall,  and  that  this 
is  followed  by  the  abstraction  of  plasma  from  the  blood  and  by  stasis.  These 
views  are  supported  by  experiments  which  Avill  be  mentioned  under  consideration 
of  the  emigration  of  leucocytes,  as  well  as  by  the  fact  that  other  substances, 
also,  which  increase  the  permeability  of  the  vessel  wall,  such  as  mustard  oil 
or  cantharides,  induce  stasis. 

Stasis  was  for  a  long  time  regarded  as  the  essential  feature  of  inflammation, 
but  nowadays  the  tendency  is  rather  to  ascribe  this  position  to  the  phenomenon 
of  the  emigration  of  the  leucocytes.  In  any  case,  stasis  is  a  very  frequent 
occurrence  in  pathological  processes  in  the  human  body. 

We  are  justified  in  stating  that  the  majority  of  local  circulatory  disturbances, 
with  the  exception  of  arterial  hyperajmia  and  haemorrhage,  may,  under  certain 
circumstances,  give  rise  to  stasis.  Every  circulatory  disturbance,  which  is 
followed  by  a  reduction  in  the  amount  of  blood  which  flows  through  a  vascular 
area  in  a  given  time,  lowers  the  nutrition  of  the  vessel  wall  and  of  the  tissue. 
If  this  action  exceeds  definite  limits,  a  great  increase  in  the  permeability  of  the 
vessel  wall  follows,  and  this  leads  to  escape  of  plasma  from  the  blood  of  the 
capillaries,  and  thus  to  stasis. 

The  preceding  chapters  have  therefore  shown  stasis  to  be  a  consequence  of 
ischtemia,  of  embolism,  and  of  venous  congestion.  The  chapters  which  follow 
will  show  that  it  is  also  a  consequence  of  high  degrees  of  those  circulatory 
disturbances  which  are  recognised  by  the  emigration  of  leucocytes  from  the 
blood,  and  by  the  phenomena  of  exudation.  Diapedesis  occupies  a  similar 
position ;  it  is  associated  regularly  Avith  severe  forms  of  the  most  varying 
circulatory  disturbances,  and  therefore  with  stasis  among  others.  It  often 
accompanies  other  kinds  of  disturbances,  however,  and  therefore  demands 
separate  consideration. 
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VII.  Diapedesis 

If  the  condition  of  a  vascular  area  in  which  stasis  has  been  induced,  say  by 
ligature  of  the  vein,  be  kept  under  observation  for  some  time,  small  punctiform 
haemorrhages,  ecchymoses,  or  petechice,  may  be  seen  even  by  the  naked  eye. 
Microscopic  examination,  then,  shows  that  in  stasis  the  red  corpuscles  pass  out 
of  the  capillaries  into  the  tissue  (Fig.  221),  although  there  is  no  change  in 
the  condition  of  the  vessel  wall  that  can  be  recognised  by  microscopic  examina- 
tion of  the  living  animal.  The  capillary  still  appears  as  translucent  as  usual. 
This  passage  of  the  red  corpuscles  through  the  capillary  wall  is  termed  diapedesis. 
It  was  observed  first  by  Strieker  and  Cohnheim. 
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The  process  of  passage  of  the  red  corpuscles  through  the  walls  of  the  vessels 
is  very  much  more  distinctly  seen  if  the  cause  of  the  stasis,  i.e.  the  ligature  in 
the  veins,  is  removed.  After  the  circulation  is  re-established,  the  red  cells 
may  be  recognised  distinctly  not  only  in  the  tissue,  but  also  in  the  vessel 
wall.  The  red  blood  corpuscles  are  always  seen  to  lie  at  certain  points  either 
singly  or  in  groups,  caught  in  very  narrow  apertures  in  the  vessel  wall.  By 
continuous  observation  the  passage  of  the  red  cells  through  the  vessel  wall 
can  be  made  out  in  all  its  stages,  since  the  process  of  diapedesis  lasts  for  some 
time.  A  red  cell  flowing  with  the  blood -stream  becomes  applied  to  the 
wall  of  the  vessel  and  pushes  a  fine  process  outwards.  This  forms  a  knob-like 
projection  on  the  outer  side  of  the  vessel.  The  red  cell  now  assumes  the  form 
of  a  sac  constricted  in  the  middle.  The  knob-like  projection  outside  the  vessel 
becomes  larger  because  the  cell  advances,  while  the  part  within  the  capillary. 


Fig.  221. — Stasis  and  diapedesis  in  a 
capillary  of  the  frog's  tongue  after  liga- 
ture of  the  veius,  x  215. 


Fig.  222. — Diapedesis  of  red  corpuscles 
in  a  capillary  of  the  frog's  tongue 
after  resolution  of  the  stasis,  x  360. 


which  sways  about  in  the  blood-stream,  diminishes  in  size.  Finally,  the  cell, 
which  has  almost  completely  passed  through,  adheres  only  by  a  fine  thread  to 
the  vessel  wall,  until  the  last  portion  has  passed  through. 

Within  the  tissue  the  corpuscle  immediately  resumes  its  normal  disc  shape, 
while  a  new  cell  becomes  applied  to  the  spot  in  the  vessel  wall  through  which 
the  first  cell  has  just  passed.  Some  few  cells  are  mutilated  by  this  process,  the 
part  of  the  cell  hanging  free  in  the  blood-stream  being  torn  off.  A  few  frag- 
ments of  red  cells  will  thus  be  always  found  in  the  tissues.  In  addition  to  the 
red  some  white  cells  also  pass  into  the  tissues. 

The  re-establishment  of  the  circulation  sooner  or  later  restores  the  normal 
condition  of  the  vessel  wall,  the  diapedesis  ceases,  and  the  cells  in  the  tissue 
are  partly  washed  away  by  the  lymph- stream,  and  partly  dissolved  in  situ 
(Arnold).  A  brown  granular  pigment  is  sometimes  formed  from  the  dis- 
solved haemoglobin  under  such  circumstances. 
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In  mammals  the  processes  follow  a  similar  course.  Still,  it  sometimes 
happens,  as  I  have  long  ago  described,  that  small  streams  of  blood  break 
through  the  vessel  wall,  and  that  the  small  opening  immediately  closes  behind 
them.  This  occurrence  is  limited  to  those  parts  of  the  vessel  wall  through 
which  a  number  of  leucocytes  have  passed,  some  of  them  slowly.  I  have 
observed  this  mainly  in  the  mesentery  of  dogs  in  diapedesis  associated  with 
the  emigration  of  leucocytes  (Fig.  223). 

Very  considerable  ecchymoses  arise  in  this  manner  and  appear  in  great 
number  in  the  mesentery.  So  far  as  naked -eye  examination  can  prove, 
considerable  ha?morrhage  by  diapedesis  also  occurs  in  man,  not  only  in  the 
serous  coat  of  the  intestines  which  are  exposed  in  laparotomies,  but  also  in 
the  conjunctiva.  In  both  situations  the  sudden  occurrence  of  ecchymoses  may 
sometimes  be  observed.  The  ecchymoses,  which  often  occur  in  great  numbers, 
may  possibly  be  due  to  infections  and  intoxications. 


O  QqO 

Fig.  223. — Mesentery  of  the  dog.  At  a  haemorrhage  by  diapedesis  going  on  ;  b,  ecchymosis  which  has  occurred 
in  a  similar  way,  but  the  opening  of  the  capillary  wall  is  again  closed.  Simultaneous  emigration  of  leuco- 
cytes.    X  250. 


The  question  how  it  happens  that  the  red  cells  always  pass  through  certain 
points  only  in  the  vessel  wall  is  one  of  great  interest.  Arnold  has  explained 
it  very  simply  by  injecting  the  vessels  with  silver  solution.  In  the  areas  in 
which  diapedesis  occurred  it  was  then  found  that  the  silvered  outlines  of  the 
endothelial  cells  showed  numerous  punctiform  thickenings  (Fig.  224).  In  these 
the  imprisoned  red  blood  corpuscles  could  be  sometimes  recognised.  Arnold 
also  showed  that,  when  injected  into  these  widened  spaces  of  the  so-called 
cement  substance,  gelatine  and  even  cinnabar  granules  may  pass  from  the 
vessels  into  the  tissue. 

There  can  thus  be  no  doubt  that  the  process  of  diapedesis  is  the  conse- 
quence of  an  increase  of  the  permeability  of  the  capillary  wall,  and  that  this 
is  specially  manifested  by  a  loosening  of  the  cement  substance  between  the 
endothelial  cells. 
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The  force  which  drives  the  cells  from  the  vessels  into  the  tissue  is  derived 
from  the  blood-pressure.  Independent  amoeboid  movement  is  not  observed  in 
red  blood  corpuscles.  On  the  other  hand,  Arnold  showed  that  when  the  red 
cells  escape  from  the  vessel  wall  a  stream  of  fluid  follows  them,  which  disturbs 
the  cells  already  in  the  tissue,  and  sometimes  drives  them  farther  away  from 
the  vessels. 

Diapedesis  is  seen  in  the  following  conditions : — 

(1)  hi  consequence  of  load  circulatorij  disturbances  which  cause  alterations  in 
the  vessel  walls,  such  as  ischcemia  with  subsequent  formation  of  haemorrhagic 
infarction,  venous  engm'genwnt,  stasis,  and,  as  will  be  touched  on  later,  emigration  of 
leucocytes,  and  exitdcdion. 

(2)  In  consequence  of  disturbances  of  metcdjolism  which,  to  a  greater  or  less 
extent,  cause  an  increase  in  the  permeability  of  the 
capillary  walls.     Among  these  may  be  reckoned — 

(a)  Intoxiccdions.  Ecchymoses  and  even  larger 
hremorrhages  are  to  be  found  in  most  organs  in 
phosphorus  poisoning.  Haemorrhages  from  the 
medicinal  use  of  iodide  of  potassium  are  rarer. 
In  the  same  way,  smike  poison  causes  numerous  capil- 
lary haemorrhages,  which  are  undoubtedly  to  be 
attributed  to  diapedesis,  in  a  Avide  area  round  the 
bite  and  less  frequently  in  other  organs. 

{h)  Infections  cause  multiple  ecchymoses,  e.g. 
septicaemia,  yellow  fever,  anthrax,  typhus,  plague, 
etc. 

(c)  Chronic  disturbances  of  mdrition,  anaemia, 
chlorosis,  leukaemia,  are  sometimes  complicated  by 
haemorrhages,  presumably  in  consequence  of  a  dis- 
turbance of  nutrition  in  the  capillary  wall. 

(3)  Finally,  diapedesis  arises  from  disorders  of 
innervation. 

Brown-Secfuard,  Vulpian,  Schiff,  and  many  other 
physiologists  and  physicians  have  seen  haemorrhages 
occur  in  the  organs  of  the  abdomen,  thorax,  supra- 
renals,  mucous  membrane  of  the  intestine,  and  in 
the  lungs,  in  consequence  of  operations  on  the  brain  Fig.  224.— silvered  outlines  of  the 
and  spinal  cord.     Although  no  definite  opinion  can  cells  of  a  capillary  of  the  frog 

,^  -  1T1  f»  after  a  previous  free  diapedesis 

be  expressed  as  to  the  mode  and  manner  ot  occur-         (after  j.  Arnold). 
rence   of    this  phenomenon,  yet    it    deserves   some 

consideration.  As  a  matter  of  fact,  we  find  comparatively  often  in  severe 
affections  of  the  brain  and  medulla  oblongata,  that  there  are  numerous 
haemorrhages  in  the  mucous  membrane  of  the  stomach  and  in  the  lungs. 
This  is  not  very  convincing  proof,  however,  since  a  similar  result  is  often 
seen  in  other  diseases.  All  we  can  do,  in  the  meantime,  is  to  accept  the 
facts,  and  ask  further,  whether  the  nerves  are  able  to  influence  the  permeability 
of  the  capillary  wall.  The  presence  of  nerves  in  the  capillary  walls  has  been 
shown  by  Lipmann,  Tomsa,  TolotschinofF,  and  Kessel ;  while  Strieker,  Golubew, 
and  Tarchanoff  have  observed  contraction  in  the  walls  of  the  capillaries,  pro- 
duced by  electrical,  chemical,  and  mechanical  irritation. 
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VIII.  Emigration  of  the  White  Corpuscles  of  the  Blood,  Suppuration 

The  older  authors  have  long  suspected  that  pus  cells  are  extravasated 
white  blood  corpuscles,  because  both  forms  of  cells  show  many  points  of 
agreement  in  their  external  appearances.  AYaller,  however,  was  the  first  to 
observe  directly  in  the  living  frog  with  the  microscope  the  passage  of  the  white 
cells  through  the  uninjured  vessel  wall,  and  to  show  the  importance  of  the 
process  for  the  doctrine  of  suppuration.  His  observation,  however,  was  for- 
gotten till  Eecklinghausen  discovered  the  wandering  cells  in  connective  tissue, 
and  Cohnheim  observed  anew  their  emigration  from  the  vessels. 

Numerous  observations,  partly  preceding,  partly  following  those,  have  been 
made  by  Eecklinghausen,  Stricker,  J.  Arnold,  Buttcher,  Axel  Key,  and  Wallis, 
by  myself,  and  many  others,  and  have  so  greatly  extended  our  knowledge  and 
experience  in  many  directions  that  only  a  short  sketch  of  them  can  be  given 
here,  while  a  large  part  of  the  remainder  will  be  referred  to  briefly  in  other 
parts  of  this  work. 

In  the  normal  blood-stream  there  is  universally  a  marginal  zone,  free  from 
corpuscles.  Poiseuille,  Avho  has  made  most  valuable  researches  on  the  circula- 
tion of  the  blood,  explained  this  phenomenon  as  a  consequence  of  the  adhesion 
of  the  blood  plasma  to  the  vessel  Avail.  It  is  quite  certain  that  the  blood 
plasma  bathes  the  vessel  wall,  and  that  the  layers  of  fluid  which  lie  immediately 
upon  the  vessel  wall  do  not  take  part  in  the  motion  of  the  blood-stream,  but 
are  quite  still.  It  is  a  mistake,  however,  to  suppose  that  the  whole  marginal 
zone  of  the  blood-stream  which  is  free  from  corpuscles  stands  still,  since,  from 
time  to  time,  a  white  blood  corpuscle  passes  into  this  marginal  zone  and  moves 
alonsj  within  it. 

The  main  mass  of  the  cells  of  the  blood  circulates  in  the  axial  part  of  the 
blood-stream,  which,  accordingly,  is  of  a  reddish  colour.  In  the  capillaries  of 
many  animals,  however,  the  frog,  for  example,  this  arrangement  of  the  stream 
is  less  distinct,  but  even  in  these  animals  it  is  well  marked  in  the  arteries  and 
veins.  This  depends,  undoubtedly,  upon  the  relatively  large  size  of  the  red 
corpuscles  of  the  frog,  which  are  sometimes  equal  in  diameter  to  the  capillaries. 
In  warm-blooded  animals,  and  presumably  in  man,  on  the  other  hand,  a  well- 
marked  marginal  zone,  free  from  corpuscles,  is  present  under  normal  conditions, 
not  only  in  the  arteries  and  veins,  but  also  in  the  capillaries  (Plate  I.,  Fig.  a). 
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This  condition,  however,  becomes  altered  when  an  extensive  emigration  of 
leucocytes  is  about  to  take  place.  The  latter  then  appear  in  great  numbers 
in  the  marginal  zone  of  the  capillaries  and  veins  {marginal  podtion  of  the  white 
corpuscles.,  Cohnheim),  and  at  the  same  time  the  blood-current  appears  to  be 
somewhat  slowed  (Plate  I.,  Figs,  h  and  c). 

The  question  arises,  How  is  the  marginal  position  of  the  white  corpuscles 
to  be  explained  ]  Donders  and  Gunning  have,  by  way  of  explanation  of  the 
occasional  appearance  of  leucocytes  in  the  marginal  zone,  drawn  attention  to 
the  difference  in  form  and  of  specific  gravity  of  the  tAvo  kinds  of  cells  present 
in  the  blood.  But  Schklarewsky,  under  the  direction  of  Eecklinghausen  and 
Helmholtz,  has  shown  by  experiment  with  glass  tubes,  that  in  all  fluids  which 
hold  in  suspension  small  particles  of  unequal  specific  gravity,  the  heavier 
particles  are  collected  near  the  axis  of  the  stream,  Avhile  the  lighter  particles 
circulate  nearer  the  wall  of  the  vessel. 

These  experiments  show  why  the  specifically  lighter  leucocytes  prefer  the 
peripheral  part  of  the  blood-stream,  and  occasionally  reach  its  marginal  zone, 
while  the  specifically  heavier  red  corpuscles  choose  the  axial  part  of  the  stream. 
They  do  not,  however,  explain  why  a  very  large  number  of  white  corpuscles 
choose  the  marginal  zone  and  produce  the  typical  marginal  arrangement. 
Some  indications  are  obtained  from  other  experiments  of  the  same  author, 
however.  When  Schklarewsky  allowed  the  blood  to  flow  in  glass  tubes  Avhich 
had  contractions  and  dilatations  in  the  course  of  their  lumen,  numerous  white 
corpuscles  accumulated  in  the  dilated  parts  of  the  tube,  in  Avhich  the  current 
flowed  more  slowly.  From  these  experiments  the  conclusion  may  be  drawn, 
though  it  is  not  definitely  stated  by  Schklarewsky,  that  the  slowing  of  the 
current  is  probably  the  cause  of  the  marginal  position  of  the  leucocytes. 

The  opportunity  afforded  me  in  Helmholtz's  laboratory  of  following 
the  experiments  of  Schklarewsky,  stimulated  me  to  Avork  up  this  question. 
I  convinced  myself,  as  well  as  Schklarewsky,  that  in  fluids  in  motion  within 
glass  tubes  the  axial  stream  containing  the  solid  j^articles  was  not  so  completely 
formed  as  in  the  blood-vessels.  I  therefore  experimented  on  living  animals. 
If  a  layer  of  tissue  from  a  living  cold-  or  warm-blooded  animal,  through  which 
the  blood  is  still  flowing,  be  stretched  out  under  the  microscope,  after  a  short 
time  slowing  of  the  current  and  marginal  position  of  the  leucocytes  develop 
in  consequence  of  external  injuries  which  have  been  produced  either  intention- 
ally or  unavoidably.  If  the  arteries  are  then  dilated  by  irrigation  of  the 
tissue  with  H  per  cent  common  salt  solution,  the  stream  is  immediately 
accelerated  and  the  marginal  arrangement  disappears.  In  this  manner  the 
marginal  arrangement  of  leucocytes  in  capillaries  and  veins  may  be  produced 
in  the  floors  of  wounds,  in  the  tongue  of  the  frog,  and  in  the  mesentery  of 
dogs  and  other  warm-blooded  animals,  by  irrigation  of  the  tissue  alternately 
with  "75  per  cent  and  I'S  per  cent  common  salt  solution.  In  the  same 
experiments,  however,  it  was  observed  that,  when  the  blood-stream  was  greatly 
slowed,  the  marginal  arrangement  of  the  leucocytes  again  disappeared,  while, 
at  the  same  time,  the  axial  character  of  the  stream  was  lost. 

Working  under  J.  Arnold  and  myself,  Appert  subsequently  confirmed  these 
results  by  other  methods.     We  are  therefore  justified  in  stating — 

(1)  That  tchen  the  rate  of  floiv  is  rapid  there  is  a  marginal  zone,  free  from  cm'- 
puscles,  in  the  blood-stream  (Fig,  225,  ct). 

(2)  IFIien  the  blood-stream  is  moderately  slowed,  the  leucocytes  accumulate  in  the 
marginal  zone  (marginal  arrangement.  Fig.  225,  b). 

(3)  IFlien  there  is  very  great  slowing  of  the  blood- stream,  or  when  it  is  ([uite 


33° 


LOCAL  CIRCULATORY  DLSTURBANCES 


arrested,  the  axial  character  of  the  stream  is  lost.  The  distribution  of  the  red  and 
white  cells  in  the  bloodstream  is  irregular  in  this  case  (Fig.  225,  d). 

Moderate  slowing  of  the  blood-stream  causes  the  white  corpuscles,  which 
are  specifically  lighter  than  the  red,  to  be  driven  into  the  marginal  zone. 
Here,  at  first,  they  roll  along  the  wall  (Fig.  225,  b).  In  a  short  time,  however, 
they  Ijegin  to  adhere  to  the  wall,  lose  their  round  form,  and  are  drawn  out  by 
the  passing  stream,  like  hanging  drops  (Fig.  225,  c). 

At  first,  those  cells  Avhich  are  adhering  to  the  wall  pass  along  a  little 
farther  with  the  blood-stream.  They  then  come  to  a  standstill  in  certain 
places,  where,  as  will  afterwai'ds  be  seen,  two  endothelial  cells  of  the  vessel 
walls  meet  each  other.  At  those  points  the  white  cells  adhere  comparatively 
firmly.  At  the  same  time,  a  fine  process  of  cell-protoplasm  appears  on  the 
external  surface  of  the  vessel,  which  swells  up  and  becomes  larger,  Avhile  the 
part  of  the  cell  which  is  still  in  the  lumen  of  the  vessel  becomes  less  (compare 
Plate  I.,  Figs,  b,  c,  d).     Finally,  the  cells  cling  to  the  vessel  wall  by  a  hair-like 


Fig.  225. — a,  Conditions  of  the  blood-stream  when  the  rate  of  flow  is  normal ;  b  and  c,  moderate  slowing  of  the 
stream  ;  d,  great  slowing  of  the  stream.  Between  &  and  c  there  is  this  difference,  that  in  6  the  white  cells 
roll  along  the  inner  surface  of  the  wall,  while  in  c  they  are  mostly  adhering  to  the  wall.    Schematic,  x750. 


process  only,  until  even  this  pushes  out  of  the  vessel  and  the  cell  moves  freely, 
farther  into  the  tissue.  The  different  stages  of  this  process  will  be  made  more 
distinctly  apparent  by  reference  to  Fig.  226,  which  has  been  drawn  from  nature. 

In  the  tissues  the  white  cells  move  onwards  by  means  of  active  amoeboid 
movements,  and  pass  into  the  lymph-vessels,  as  was  first  shown  by  Hering  and 
Heller.  The  crooked  zigzag  path  which  they  traverse  in  doing  so  appears,  at 
first  sight,  to  be  irregular  and  aimless.  When  more  closely  examined,  however, 
it  is  observed  that,  on  the  whole,  they  proceed  almost  at  right  angles  from  the 
blood-vessels  (Thoma).  This  fact  can  only  be  confirmed  by  tracing  the  path 
of  the  cells  with  the  aid  of  a  drawing,  as  has  been  done  in  Fig.  227.  The 
cells  sometimes  move  a  short  way  along  the  vessel  within  the  adventitia  of  the 
capillary  before  they  finally  withdraw  themselves  from  it.  I  have  never 
observed  movement  back  into  the  blood-vessel.  It  sometimes  occurs,  however, 
that  such  a  wandering  cell  approaches  another  capillary,  but  only  to  pass  by 
it  at  a  higher  or  lower  level. 

If,  in  these  experiments,  the  lymphatics  be  marked  out  by  the  injection 
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of  very  dilute  solutions  of  silver  nitrate,  it  is  possible  to  observe  directly,  as  I 
have   shown,  that   wandering   white   blood   corpuscles   pass   out  between   the 
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Fig.  226.— Different  stages  of  the  passage  of  the  white  blood  corpuscles  through  the  vessel  wall.  Tlie  blood  is 
supposed  to  be  on  the  left  side  of  the  short  lines  which  represent  the  vessel  wall  and  the  tissue  on  the  right 
side.     X 1000. 

margins  of  the  endothelial  cells,  and  then  pass  into  the  lumen  of  the  lymphatics. 
This  experiment  is  very  troublesome,  however,  since  the  injection  of  the 
dilute   silver  solution  very  often  produces  stasis.     I  have  therefore  injected 
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Fig.  227.— Migration  of  the  leucocytes  from  the  capillaries  of  the  frog's  tongue.  Tlie  paths  which  the  emigrated 
leucocj'tes  have  traversed  in  the  tissue  are  indicated  by  dotted  lines.  Among  the  capillaries  there  are  some 
striated  muscle  fibres.     xl50. 

the   lymphatics    of   the   frog's   tongue,  from   the   anterior  margin    backwards, 
with  a  mixture  of  cinnabar  in  '75  per  cent  salt  solution. 
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The  cinnabar  accumulates  as  dark  dots  at  the  boundaries  of  the  endothelial 
cells  of  the  lymphatics.  If  emigration  is  then  caused,  by  an  injury  to  the 
frog's  tongue,  the  white  blood  cells,  Avhich  pass  into  the  lymphatics,  become 
laden  with  numerous  granules  of  cinnabar.  While  under  observation,  they 
form  cauliflower-like  groups  in  the  dark  accumulation  of  cinnabar  which  marks 


Fig.  228. — Lymphatics  from  the  tongue  of  a  frog,  injected  with  salt  solution  containing  cinnabar.  In  some 
parts,  among  the  dark  dots  which  indicate  the  margins  of  the  endothelial  cells,  migrated  white  blood 
corpuscles  have  accumulated,    x  250. 


out  the  boundaries  of  the  endothelial  cells  (Fig.  228),  and  these,  finally,  break 
up  and  are  carried  away  by  the  lymph-stream. 

In  emigration  from  the  blood-vessels,  also,  the  white  cells  of  the  blood  pass 
between  the  endothelial   cells  through  the   vessel  wall,  as  was  shown  by  J. 

Arnold  by  means  of  gradual  silver  injec- 
tions in  the  froa;.  These  facts  have 
recently  been  confirmed  as  regards  mam- 
mals by  G.  Engelmann,  working  under 
my  direction  (Fig.  229). 

After  this  review  of  the  most  import- 
ant facts,  we  must  now  inquire  as  to  what 
forces  drive  the  leucocytes  through  the 
vessel  wall  and  through  the  tissues  into 
the  lymphatics.  Hering  has  ascribed  the 
process  to  the  vis-a-tergo  of  the  blood- 
pressure,  and  has  regarded  emigration  as 
a  filtration  of  the  cells  through  the  hj'po- 
thetical  pores  in  the  vessel  wall. 
More  recently,  Schklarewsky  attempted  to  make  the  axial  character  of  the 
blood-stream  responsible  for  the  emigration.  He  had  observed  that  the  white 
cells  wander  out  from  the  cylindrical  red  column  of  blood  which  is  formed  in 
vertical  capillary  tubes  when  the  blood  coagulates.  He  thought  that  it  was 
possible  to  explain  this  observation  by  saying  that  the  fluid  was  denser  in  the 
neighbourhood  of  the  red  cells,  and  therefore  was  under  a  higher  pressure. 


Fig.  229.— Capillary  from  the  mesentery  of  the 
dog,  with  two  migrated  leucocytes.  Injected 
with  silver,  stained  with  boras  carmine  (after 
G,  Engelmann). 
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This  higher  pressure  was  supposed  to  drive  out  the  white  blood  corpuscles  from 
the  solid  column  of  blood,  which  consists  largely  of  red  cells,  in  the  same 
manner  as  it  drives  them  out  from  the  axial  stream  into  the  marginal  stream, 
and  from  there  into  the  tissues. 

This  attempted  explanation  of  Schklarewsky  can  only  apply  to  the  white 
cells  which  are  near  the  margins  of  the  column  of  blood.  The  white  cells 
which  are  near  the  centre  of  the  coagulated  mass  of  blood  pass  upwards  by 
virtue  of  their  lower  specific  gravity,  but  not  in  a  horizontal  direction  as  in 
Schklarewsky's  observations.  This  author,  it  appears  to  me,  has  not  laid 
sufficient  stress  upon  the  shrinkage  of  the  column  of  blood  which  squeezes  the 
serum  from  the  coagulated  blood.  The  direction  of  the  stream  of  serum  which 
is  thus  expressed  from  the  coagulum  by  its  contraction  determines,  in  my 
opinion,  the  direction  of  the  emigration  of  the  cells,  just  as  the  ciuTcnt  of  the 
fluids  in  the  tissues  determines  the  w^andering  of  the  cells  in  the  tissues. 

There  is  no  doubt  that  in  emigration  the  amo3boid  movement  and  changes 
in  shape  of  the  leucocytes  play  an  important  part.  The  presence  of  amoeba- 
like motile  wandering  cells  in  the  tissues  and  in  pus  was  first  observed  by 
Virchow  and  von  Recklinghausen. 


Kiihne  afterwards  showed  that  amoeboid 
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Fig.  230.— «,  Stationary  white  blood  corpuscle  when  there  is  much  salt  solution  in  the  neighbourhood  ;  b,  actively 
am«boid  white  cells  in  a  watery  medium  adhering  to  the  under  surface  of  the  cover-glass ;  c,  weakly 
amoeboid  and  resting  cells  floating  free  in  a  very  watery  medium,    x  900. 

movement  was  arrested  when  oxygen  was  absolutely  excluded.  A  small 
amount  of  oxygen  is,  however,  present  throughout  all  the  tissues,  so  that  in 
the  living  body  absence  of  oxygen  can  never  be  ascribed  as  the  cause  of 
cessation  of  the  amoeboid  movements  of  the  wandering  cells,  as  was  suggested 
by  Binz. 

Finally,  I  have  shown  that  the  amoeboid  movement  of  the  cells  is  dependent 
upon  the  amount  of  water  and  salt  contained  in  the  tissue  juices  and  the  blood. 
After  the  frog  is  deprived  of  water  by  evaporation,  or  after  a  3  per  cent  solution 
of  salt  has  been  introduced  into  the  lymph-sac  or  into  the  blood-vessels  of  the 
living  animal,  the  amoeboid  movements  of  the  white  corpuscles  and  the 
Avandering  cells  are  arrested.  If  water  is  again  injected  into  the  animal,  these 
cells  become  amoeboid  once  more.  The  same  experiment  also  succeeds  in  the 
blood  of  animals  and  man  which  has  been  passed  from  the  vein  on  to  the 
slide.  In  the  tissue  of  living  animals  also,  both  cold-  and  warm-blooded,  the 
same  results  are  obtained  when  the  tissues  are  irrigated  alternately  with  "75 
per  cent  and  1'5  per  cent  salt  solution.  In  the  area  affected  by  the  1'5  per 
cent  irrigating  fluid,  the  whole  of  the  white  corpuscles,  both  within  and 
without  the  blood-vessels,  are  found  to  be  in  a  stationary  spherical  condition. 
All  the  wandering  cells  in  the  tissue,  however,  are  amoeboid  when  the  irrigation 
is  of  '75  per  cent  salt  solution. 
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Only  those  white  blood  cells  which  are  found  floating  free  in  the  blood  or 
in  the  lymph  appear  rounded  or  spherical.  In  watery  media,  also,  they  are, 
however,  not  completely  resting,  but  every  now  and  then  push  out  short, 
tongue-shaped  processes  which,  after  a  short  time,  disappear,  and  then,  in  a 
little  time,  again  project  from  other  parts  of  the  cell. 

A  resting  and  an  amoeboid  condition  of  the  protojolasm  of  the  leucocytes 
may  be  distinguished.  The  resting  condition  (Fig.  230,  (^)  is  developed  in 
fluids  with  a  large  percentage  of  salt,  the  amceboid  condition  (Fig.  230,  l,  c) 
where  the  percentage  of  salt  is  low.  The  amoeboid  movements  are,  however, 
only  active  if  the  cells  are  in  contact  with  the  surface  of  a  solid  body  (Fig. 
230,  b). 

If  a  piece  of  the  mucous  membrane  of  the  frog's  tongue  be  removed  (Fig. 

231)  and  immediately  irrigated  with 
To  per  cent  solution  of  salt,  the  mar- 
ginal position  and  emigi-ation  of  the 
leucocytes  do  not  occur,  but  both 
immediately  appear  if  the  1*5  per 
cent  salt  solution  be  replaced  by  "75 
per  cent  solution.  In  this  experiment 
the  absence  of  marginal  position  and 
emigration  is  due  to  the  dilatation 
of  the  arteries,  produced  by  the  more 
concentrated  salt  solution.  This 
accelerates  the  blood  -  current  and 
prevents  the  marginal  position  of 
the  leucocytes.  Under  such  cir- 
cumstances, it  is  of  no  consequence 
whether  the  leucocytes  are  amoeboid 
or  not. 

After  the  "7  5  per  cent  solution 
of  salt  has  flowed  over  the  Avound  for 
one  or  two  hours,  marginal  position 
and  emigration  are  well  developed, 
since  the  current  has  again  become 
slowed.  If  the  irrigation  fluid  is 
changed  to  a  strength  of  1"5  per  cent 
the  stream  becomes  accelerated  again. 
In  the  greater  number  of  the  capil- 
laries and  veins,  though  not  in  all,  the 
marginal  arrangement  has  disappeared. 


Fig.  231. — Tongue  of  frog  showing  removal  of  part  of  the 
mucous  membrane  of  the  upper  surface  of  the 
tongue,  as  a  preparation  for  the  irrigation  experi- 
ment, X  4. 


In  many  places  the  vessel  has  become  narrowed  by  white  cells,  and  partly  by 
red  cells  which  have  pushed  out  processes  into  the  vessel  wall,  and  therefore 
cannot  readily  be  swept  away  by  the  blood -stream.  The  blood -stream  is 
therefore  not  accelerated  in  some  places,  the  marginal  position  is  preserved,  and 
numerous  cells  remain  firmly  attached  to  the  inner  surface  of  the  vessel  Avail. 
Emigration  does  not  continue,  hoAvever.  The  Avhite  corpuscles  both  within  the 
vessels  and  in  the  tissues  are  spherical  and  shining.  The  amoeboid  movement 
has  ceased,  and  AA-ith  it  the  emigration. 

These  experiments,  Avhich  I  carried  out  first  on  the  tongue  of  the 
AA-ere  performed  Avith  similar  result  on  the   mesentery   of  dogs,  rabbits,  and 
guinea-pigs. 

The  amceboid  coiulition  of  the  protoplasm  of  the  leucocytes  is  shown,  by  my 


frog. 
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investigations,  to  he  essential  for  the  emigration  of  the  leucocytes  and  for  their 
wanderings  within  the  tissues.  In  the  amoeboid  condition  the  leucocytes  adhere 
to  the  vessel  Avails  and  to  the  inner  surface  of  the  connective  tissue  spaces, 
although  this  adhesion  becomes  very  slight  if  the  cell  protoplasm  passes  into 
the  resting  condition  after  an  increase  in  the  amount  of  salts  in  the  circulating 
blood  and  in  the  vessels. 

There  can  be  no  doubt,  however,  that  adhering  bodies  may  l^e  drawn  into 
narroAv  fissures  with  great  force,  simply  by  the  so-called  capillary  attraction. 
If  a  drop  of  water  be  introduced  into  the  Avide  end  of  a  gradually  narrowing 
capillary  tube,  it  passes  rapidly  into  the  narrower  jDart  of  the  tube  even  against 
the  action  of  gravity  (Fig.  232).  The  teaching  of  physics  shoAvs  that  the 
difference  of  tension  due  to  the  inequality  of  the  curvature  of  the  tAvo  free  ends 
of  the  drop  of  Avater  is  the  cause  which  produces  the  movement.  The 
propelling  power,  depending  on  the  tension  of  the  curved  end  surfaces,  is  the 
greater  the  smaller  the  lumen  of  the  tube.     In  narroAv  tubes  it  can  suspend  a 


Fig.  232.— a  drop  ol  water  in  a  gradually  narrow- 
ing capillary  tube  moving  by  reason  of  capil- 
lary attraction. 


Fig.  233. — Scheme  showing  mode  of  entrance  of 
a  white  blood  corpuscle  into  an  aperture  in 
the  wall  of  the  vessel. 


column  many  metres  high.  It  may  be  understood,  therefore,  that  such  a  pull 
exerted  by  capillary  attraction  is  sufficient  to  draAv  the  Avhite  blood  corpuscles 
which  are  adherent  to  the  Avail  into  the  narroAv  spaces  betAveen  the  endothelial 
cells  (Fig.  233).  One  peculiarity  is,  however,  Avorthy  of  note.  The  Avhite 
corpuscles  do  not  spread  out  on  the  inner  surface  of  the  Avails  of  the  vessel  in 
the  same  manner  as  on  the  inner  surface  of  the  tissue  spaces.  The  cell  body 
forms,  on  the  inner  side  of  the  vessels,  a  drop  Avith  abruptly  rising  margins 
(Fig.  233).  It  adheres  relatively  firmly  to  the  margins  of  the  endothelial  cells  ; 
but,  on  the  other  hand,  only  slightly  to  the  free  surface  of  the  endothelium  of 
the  vessel — a  condition  Avhich  is  connected  Avith  the  fact  that  the  blood  plasma 
contains  more  salts  than  the  lymph  or  the  tissue  juices.  The  cell  possesses, 
therefore,  in  the  side  turned  toAvarcls  the  lumen  of  the  vessel,  a  convex  surface, 
the  tension  of  Avhich  exerts  a  pressure  in  an  outAvard  direction.  This  pressure 
is  to  be  added  to  the  traction  exerted  by  the  presumably  concave  surface  of 
the  process  passing  outwards  and  adhering  to  the  opening  in  the  A'essel  Avail. 

The  spaces  betAveen  the  endothelial  cells  are  very  narroAv,  so  that  the  form 
of  the  emerging  process  Avithin  them  cannot  be  immediately  observed.      A 
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more  exact  observation,  however,  is  possible  so  soon  as  the  process  of  the  cell 
appears  on  the  external  surface  of  the  vessel,  Avhere  the  protoplasm  of  the  cell 
immediately  broadens  out  (Fig.  226).  This  is  also  a  phase  of  the  adhesion 
which  exerts  traction  on  the  remainder  of  the  cell  within  the  A'essel. 

Similar  observations  may  be  continuously  made  during  the  further  progi'ess 
of  the  cell  through  the  tissues.  The  surface  of  the  wandering  cell  is,  as  a  rule, 
flattened  and  shows  numerous  projections  (Fig.  226,  a),  and  in  part  rounded 
and  shining.  The  cell  always  travels  in  the  direction  towards  which  the 
processes  point.  The  rounded,  shining  part  of  the  cell  surface  is  therefore 
turned  towards  the  vessel,  as  follows  from  the  sketch  of  the  direction  of  the 
path  (Fig.  227).  One  may  conclude  from  their  rounded  form  that  they  adhere 
only  slightly  or  not  at  all  to  neighbouring  parts,  so  that  the  traction  of  the 
flatly  extended  amoeboid  jjart  of  the  protoplasm  serves  entirely  for  locomotion. 
I  have  already  described  the  causes  of  the  direction  taken  in  migration  (in 
1873),  and  mentioned  grounds  which  necessitate  the  assumption  that  the 
diiference  in  the  amount  of  the  water  in  the  blood  and  in  the  lymph  determines 
the  direction  of  migration.  The  experiments  in  irrigation  which  have  just 
been  discussed,  and  which  were  published  in  full  in  the  year  1875,  show  that 
the  amount  of  water  in  the  tissues  influences  the  amoeboid  movement  of  the 
protoplasm  of  the  migrated  cells  in  a  most  distinct  manner,  and,  therefore,  that 
the  amoeboid  movement  of  the  cells,  and  their  adhesion  to  the  vessel  wall  and 
to  the  inner  surface  of  the  tissue  spaces  which  result  from  it,  are  the  essential 
factors  in  migration  and  in  the  direction  of  the  movements  of  the  cells  in  the 
tissues.  This  is  at  present  described  as  cliemotaxis,  and  Leber  has  demonstrated 
similar  chemotactic  actions  in  other  chemical  bodies,  and  especially  in  the 
metabolic  products  of  the  fission-fungi.  The  direction  of  the  current  of  the 
fluids  in  the  tissue  spaces  may  also  influence  the  movement  of  the  protoplasm 
of  the  Avandering  cells  in  such  a  way  that  the  surface  of  the  cell  exposed  to 
the  current  of  fluid  withdraws  its  processes  and  becomes  round  and  shining ; 
while,  on  the  opposite  side  of  the  cell,  the  protoplasm  remains  amoeboid  and 
moves  farther  along  the  inner  surface  of  the  tissue  spaces.  This  would  thus 
be  an  indirect  action  of  the  friction  of  the  current  of  fluid  on  the  direction  of 
the  amoeboid  movements  of  the  cells,  and  might  be  termed  mecliaiwtropia.  It 
may  also  determine  the  direction  of  the  cells  emigrating  from  a  coagulated 
blood -clot,  as  described  in  Schklarewsky's  experiments,  in  which  case  the 
stream  of  the  serum  expressed  would  determine  the  direction.  As,  however, 
amoeboid  movement  is  very  active  in  the  blood  serum,  the  phenomena  of 
chemotaxis  might  also  be  concerned. 

Finally,  the  leucocytes  which  have  migrated  from  the  blood  pass  into  the 
lymph-vessels  (Fig.  234). 

During  this  time  the  amoeboid  conditions  of  the  Avandering  cells  is  pre- 
served, because  of  the  large  amount  of  water  present  in  the  lymph.  The 
foremost  portions  of  the  cells  Avhich  are  entering  the  lymph-vessel,  however, 
lose  contact  yv\t\\  the  vessel  wall.  The  continued  movement,  as  far  as  it 
depends  upon  capillary  action,  can  only  be  the  result  of  the  surface  tension  of 
that  part  of  the  cell  which  is  still  left  in  the  tissues,  since  this  part  is  rounded. 
Such  an  action  may  very  well  be  ascribed  to  it,  for  the  pressure  which  the 
surface  tension  produces  is  always  directed  towards  the  concave  aspect  of  the 
curve  (Fig.  235).  The  surface  tension  here,  however,  is  produced  by  the 
phenomena  of  the  so-called  capillary  attraction  which  develops  between  the 
surface  of  the  cell,  the  inner  surface  of  the  connective  tissue  spaces,  and  the 
fluids   contained   in  the   latter.      This    is    proved   beyond   any  doubt  by  the 
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experiments  of  Gad  and  B.  Quincke.  These  authors  observed  amoeboid 
movements  in  drops  of  oil  which  were  placed  in  salt  solution,  and  explained 
this  in  the  above  fashion. 

These  facts  show  that  we  are  justified  in  regarding  the  movements  of  the 
leucocytes  as  being  due  to  their  adhesive  power,  in  conjunction  with  the  varying 
tensions  of  the  surface  of  the  cell,  and  that  chemotaxis  and,  possibly,  mechano- 
tropia  also  determine  the  direction  of  the  movement.  It  must  remain  an 
open  question,  however,  how  far  the  vis-a-tergo  of  the  blood-j/ressure  also  exercises 
an  influence.  That  it  does  so  is  quite  probable,  since  red  blood  corpuscles, 
which  have  left  the  vessels,  may  appear  in  the  lymph,  even  although  they  have 
no  amceboid  movement.  Considerable  importance,  however,  must  be  attributed 
to  the  currents  of  fluid  which  are  produced  in  the  tissues  by  the  actions  of 
the  voluntary  muscles.     These  currents  are  relatively  strong,  as  may  be  seen 


Fig.  234. — The  entrance  of  emigrated  white  blood 
corpuscles  into  a  wide  lympli-vessel  of  the 


Fig.  235. — Emigration  of  white  blood  corpuscles 
from  the  tissue  g  into  the  lymph -vessel  I; 
e,  endothelial  membrane.    Schematic. 


from  the    experiments  of    Paschutin    and    Emminghaus.     Their    influence,  as 
regards  the  emigration  of  cells,  however,  requires  more  thorough  examination. 


A  number  of  important  experiments  prove  that  even  in  the  normal 
undisturbed  blood  -  stream  some  leucocytes  emigrate  from  the  blood-vessels.  This 
fact  is  easily  understood,  when  it  is  considered  that  in  the  marginal  zone 
of  the  blood-streams  of  the  capillaries  and  veins,  destitute  of  corpuscles  for  the 
most  part,  a  few  leucocytes  appear  from  time  to  time  and  come  into  contact 
with  the  vessel  wall.  Positive  proof,  however,  may  be  drawn  from  v. 
Recklinghausen's  demonstration  of  wandering  cells  in  normal  tissue.  Hering 
also  observed  that  in  the  web  of  the  frog  a  few  white  corpuscles  emigrated, 
even  when  the  blood-flow  was  apparently  undisturbed. 

The  emigration  of  leucocytes  becomes  very  much  more  extensive  when 
the  blood-stream  is  disturbed.     Arterial  hypersemia  can  be  easily  produced  by 
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stretching  the  tongue  of  a  curarised  frog  on  a  suitable  slide.  This  hyperaemia 
reaches  its  highest  limit  in  a  short  time,  but  the  dilated  arteries  contract 
somewhat  earlier  than  the  veins  they  supply.  During  this  time  a  typical 
marginal  arrangement  of  the  leucocytes  has  taken  place  in  the  dilated  veins 
and  is  immediately  followed  by  emigration.  These  phenomena  are  transient, 
however,  for  the  veins  also  gradually  contract  and  the  normal  rate  of  flow  is 
soon  restored  within  them.  The  marginal  arrangement  and  the  emigration 
disappear  simultaneously  and  are  now  found,  at  most,  in  a  few  capillaries  and 
veins  in  which  the  blood-flow  is  somewhat  interfered  with  by  the  great 
stretching  of  the  organ. 

In  this  case  the  disturbance  of  the  innervation  of  the  vessels  by  the  slight 
injury  is  the  cause  of  the  disturbance  in  the  circulation,  and  of  the  marginal 
arrangement  and  emigration  of  the  leucocytes,  as  was  more  fully  demonstrated 
in  the  description  of  traumatism.     We  are  therefore  justified  in  assuming  that 


Fig.  236. — The  mesentery  of  the  dog.    n,  Haemorrhage  by  diapedesis  going  on  ;  h,  eechymosis  similarly  formed, 
the  opening  in  the  capillary  wall  being  closed  again.    Simultaneous  emigration  of  leucocytes,     x  250. 


many  other  disturbances  of  the  innervation  of  the  vessels  may  have  similar 
results.  According  to  the  investigations  of  von  Recklinghausen,  which  have 
l)een  previously  mentioned,  herpes  zoster,  or  shingles,  is  thus  the  result  of  a 
nerve  lesion.  It  manifests  itself  by  the  copious  emigration  of  leucocytes  from 
the  blood-vessels  of  the  skin  into  the  cellular  layers  of  the  rete  Malpighi. 

It  would  be  of  great  interest  for  the  further  study  of  these  questions  if  it 
could  be  learned  whether  disturbances  of  the  innervation  of  the  vessel  are 
capable  of  altering  the  permeability  of  the  vessel  walls.  [The  first  experiments 
made  by  Gergens  in  this  connection  have  been  differently  explained  by  Teres- 
tschenko.]  Alterations  in  the  conditions  of  the  endothelium  of  the  vessel  walls 
can  also  be  distinctly  demonstrated  if  the  blood-vessels  be  injected  with  silver 
solution  after  the  slight  circulatory  disturbances  in  the  tongue  of  the  frog, 
described  above,  have  passed  off.  i 

On  the  other  hand,  observation  of  living  animals  shows  that  those  places  in 
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the  vessel  wall  whicli  have  allowed  the  passage  of  a  considerable  number  of 
leucocytes,  afterwards  permit  the  red  blood  corpuscles  to  pass  through  also 
(Fig.  236).  Obviously,  the  emigration  of  the  leucocytes  gives  rise  to  increased 
permeability  of  the  vessel  ivall.  After  a  brief  disturlDance,  such  as  follows  the 
simple  extension  of  the  frog's  tongue,  this  is  too  insignificant  to  be  demon- 
strated. In  vaso-motor  disturbances  of  longer  duration  (herpes  zoster)  it  might 
be  possible  that  the  increase  of  permeability  in  the  vessel  wall,  which  occurs  as 
a  result  of  circulatory  distui^bances  and  emigration,  would  be  more  considerable. 
The  increase  of  permeability  of  the  vessel  wall  would  then,  in  its  turn,  increase  the 
retardation  of  the  stream  and  the  emigration. 

A  vicious  circle  is  thus  set  up,  the  emigration  of  the  white  blood  cells  injures  the 
vessel  wall  and  increases  its  permeability ;  while,  vice  versa,  a  considerable  increase 
of  the  permeability  of  the  vessel  wall  may  give  rise  to  emigration. 

The  fact  that  considerable  increase  of  the  permeability  of  the  vessel  wall 
causes  emigration  of  leucocytes,  under  certain  circumstances,  is  especially  clearly 
seen  in  those  cases  in  which  an  external  injury  directly  affects  the  vessel  wall. 
It  is  chiefly  toxic  substances,  acting  chemically,  especially  the  metabolic  products  of 
the  bacteria  of  suppuration,  tubercle  bacilli  and  other  microbes,  which  produce  this 
effect.  If  any  part  of  the  body  be  cauterised  with  caustic  alkalies  or  acids, 
with  silver  nitrate  or  other  reagents  which  strongly  affect  the  tissue,  or  if 
the  pyogenic  bacteria  or  other  microbes  be  inoculated,  the  white  corpuscles 
begin  to  emigrate  from  the  vessels.  The  appearances,  at  first,  are  similar  to 
those  after  the  slight  injuries  of  the  frog's  tongue  described  above.  The  vessels 
first  dilate  and  the  stream  becomes  accelerated.  Subsequently,  the  arteries 
contract  slightly,  the  stream  in  the  veins  is  slowed,  and  the  marginal  arrange- 
ment and  emigration  of  the  leucocytes  result.  The  marginal  arrangement, 
however,  persists  a  very  long  time  and  is  very  extensive.  This  difference  in 
the  result  must  be  referred  to  increase  of  the  permeability  of  the  vessel  wall, 
due  directly  to  the  poison,  as  Cohnheim  has  established  beyond  doubt.  This 
assumption  may  be  further  proved  by  the  fact  that  the  fluid  which,  under 
these  circumstances,  passes  through  the  vessel  wall  is  of  abnormal  composition, 
has  less  water,  and  manifests  the  general  characteristics  of  an  exudation. 

The  increase  in  permeability  of  the  vessel  wall  causes  slowing  of  the  blood- 
stream in  the  capillaries  and  the  veins :  in  the  first  place,  because  under  such 
circumstances  the  greater  part  of  the  blood  plasma  passes  over  to  the  tissues ; 
and,  in  the  second  place,  because  the  white  corpuscles  Avhich  have  passed  into 
the  marginal  stream  are  apposed  to  the  permeable  wall  in  great  numbers,  and 
thus  diminish  the  lumen.  Later  on,  the  emigration  becomes  more  extensive 
because  of  the  greater  permeability  of  the  vessel  wall.  Numerous  red  blood 
corpuscles  also  pass  into  the  tissue  when  the  permeability  of  the  wall  is  greatly 
increased,  and  diapedesis  is  thus  associated  with  the  emigration  (Fig.  236). 
Finally,  stasis  may  even  develop  if  the  permeability  of  the  vessel  wall  exceeds 
certain  limits,  and  much  of  the  blood  plasma  passes  into  the  tissues. 

In  those  cases  in  which  toxic  substances,  especially  the  metabolic  products 
of  the  pyogenic  organisms,  cause  emigration,  the  direction  taken  by  the  cells 
which  have  passed  out  from  the  blood-vessels  is  altered.  Although  a  portion  of 
the  emigrated  cells  icander  into  the  lymph-vessels,  just  as  in  the  slight  injuries  already 
described,  still  very  many  or  nearly  all  the  cells  make  their  way  towards 
the  chemically  acting  foreign  body.  It  must  be  concluded,  from  the  previously 
mentioned  experiments  of  Leber,  that  foreign  chemical  substances,  situated  in 
the  tissue,  influence  the  direction  of  the  amoeboid  movement  of  the  emigrated 
cells  in  a  way  similar  to  that  already  demonstrated  as  regards  the  salts  and 
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water  contained  in  the  tissues  (chemotaxis).  Just  as  the  wandering  cells 
escape  from  the  blood  and  find  their  way  into  the  comparatively  watery  con- 
tents of  the  lymph-vessels,  they  also  pass  from  non-poisonous  into  poisonous 
areas,  after  certain  toxic  substances  have  been  diffused  in  the  tissues. 

This  diversion  of  the  wandering  cells  from  their  usual  path  by  the  action 
of  poison  is  very  well  seen  if  the  result  of  the  invasion  of  the  tissue  by 
pyogenic  organisms  be  closely  examined.  Fig.  237  gives  a  section  from  the 
medulla  of  the  human  kidney.  The  dark  area  in  the  middle  is  a  zoogloea 
colony  of  pyogenic  bacteria  which  has  developed  in  a  small  blood  capillary 
from  some  microbes  carried  thither  by  the  blood.  Round  about  this  zoogloea 
colony  the  tissue  is  chemically  altered  in  such  a  way  that  the  nuclei  of  the 
cells  no  longer  stain,  and  the  elements  of  the  tissue  generally  have  become 
indistinct.     This    change   represents  a  local  death   of  tissue.     The   chemical 


Fig.  237. — Zoogloea  colony  in  the  medulla  of  the  human  kidney.  The  immediate  neighbourhood  of  the  colony 
is  altered  both  chemically  and  histologically  ;  it  is  dead.  Round  this  the  tissues  are  infiltrated  with  numer- 
ous wandering  cells,    x  162. 


action  of  the  poison  generated  by  the  microbes  extends  beyond  the  borders  of 
the  dead  into  the  living  tissue.  It  manifests  itself,  as  was  thoroughly 
described  in  the  general  discussion  of  the  local  actions  of  poisons  and  infections, 
by  disturbances  of  innervation,  of  circulation,  and  of  tissue  nutrition.  The 
circulatory  disturbance  leads  to  the  emigration  of  large  numbers  of  leucocytes. 
These,  however,  do  not  all  pass  into  the  lymph-vessels,  but,  for  the  most  part, 
make  their  way  towards  the  source  of  the  poison  and  form  a  zone  of  small- 
cellecl  infiltration  round  about  the  dead  tissue.  The  leucocytes  also  penetrate 
the  dead  tissue,  but  are  broken  down  here,  so  that  the  internal  margin 
of  the  zone  of  small-celled  infiltration  shows  numerous  fras;ments  of  nuclei 
(figured  in  the  diagram  as  dots).  The  death  of  the  tissue  frequently  extends 
into  the  zone  of  small-celled  infiltration  also,  so  that  the  small-celled  infiltration 
enlarges  its  area,  and  the  whole  focus  of  disease  increases  in  circumference. 
In  recent  specimens  the  periphery  of  the  zone  of  small-celled  infiltration  is 
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bright  red,  as  the  result  of  the  local  reactive  disturbances  which  lead  to  the 
emigration.  These  disturbances  are  due  to  the  metabolic  products  of  the 
bacteria  diffused  in  the  tissues,  and  also  to  the  chemical  products  of  the 
disintegration  of  the  tissues.  Under  the  microscope  the  circulatory  disturb- 
ance can  only  be  seen  with  the  high  power. 

The  metabolic  products  of  the  organisms,  especially  certain  enzymes,  liquefy 
a  great  part  of  the  dead  mass  of  tissue  in  the  course  of  time.  It  must  also  be 
remembered  that  great  quantities  of  the  fluid  constituents  of  the  blood  leave 
the  vessels  along  with  the  white  cells.  Although  these  fluids  contain  fibrinogen, 
fibrin  formation  is  very  seldom  observed,  because  the  enzymes  mentioned 
as  being  produced  by  the  organisms  dissolve  the  fibrin  after  its  formation, 
or  when  in  statu  nascenti.  A  great  part  of  the  dead  tissue  is  thus  converted 
into  a  fluid  into  which  numbers  of  emigrated  cells  find  their  way.  This  fluid, 
which  contains  numerous  cells,  undissolved  fragments  of  fibrin,  and  shreds  of 
tissue,  appears  as  turbid,  ^ray,  m' grayish- 
white,  more  or  less  fluid  ims.  As  a  rule, 
however,  it  is  altered  ^vithin  a  short 
time  by  the  appearance  of  finely 
granular,  albuminous,  and  fatty  pro- 
ducts of  disintegration  within  the 
pus  cells  derived  from  the  blood. 
The  pus  assumes  a  yellowish -white 
colour,  from  the  presence  of  the 
highly  refractile,  shining,  fatty  and 
albuminous  molecules.  As  a  rule, 
the  pus  parts  with  some  of  its  water 
to  the  tissues  round  about,  while  the 
continuous  emigration  brings  it  new 
cell  material.  It  thus  becomes  some- 
what more  consistent,  and  has 
assumed  an  appearance  like  cream, 
yellow  creamy  pus.  This  appearance 
is  preserved,  Avhen  the  pus  cells  com- 
pletely break  down  into  fatty  and 
albuminous  molecules. 

The  portion  of  the  small -celled 
zone  situated  next  the  fluid  pus  contains  such  quantities  of  the  poisonous 
substances  generated  by  the  pyogenic  organisms,  that  solution  of  the  tissue 
begins  within  it  and  the  infiltration  becomes  purulent.  This  zone  of  purulent 
infiltration  becomes  liquefied  over  a  greater  or  less  area  and  is  thus  transformed 
into  fluid  pus. 

The  cavity  in  the  tissue  filled  with  fluid  pus  is  called  an  abscess.  The 
variety  just  described  is  termed  miliary  abscess,  on  account  of  its  small  size.  It 
is  formed  when  the  pyogenic  organisms,  or  finely  divided  fragments  infiltrated 
with  these  organisms,  gain  access  to  the  circulation  from  puriform  softening  of 
a  thrombus,  or  by  some  other  means,  and  are  deposited  in  the  capillaries  of  the 
organ.  If  the  microbes  which  have  entered  the  circulation  resist  the  antagonistic 
action  of  the  living  tissue  and  tissue  fluids,  suppuration  takes  place,  resulting 
in  this  case  in  the  development  of  pycemic  abscesses.  Miliary  abscesses  also 
occur  under  other  conditions,  when  the  pyogenic  organisms  invade  the  tubules 
of  the  kidney  from  its  pelvis,  for  instance.  When  they  are  disseminated  by  the 
blood,  miliary  abscesses  occur  most  commonly  in  those  organs  in  which  finely 
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Fig.  23S.— Pyannic  abscess  of  the  kidney,  o,  Central 
dead  piece  of  tissue ;  6,  suppurative  zone  shown  in 
white  ;  c,  zone  of  granulation  tissue  ;  its  immediate 
neighbourhood  is  hyperfemic  as  the  result  of  reactive 
circulatory  disturbance,  and  is  therefore  coloured 
somewhat  darker ;  d,  embolus  in  a  branch  of  the 
renal  artery ;  e,  e,  small  points  of  purulent  infiltra- 
tion.   X  3. 
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divided  foreign  bodies  in  the  circnlation  are  mainly  deposited,  the  liver,  spleen, 
and  bone -marrow.  Organs  with  very  narrow  capillaries,  such  as  the  kidney 
or  the  brain,  are  also  common  situations  for  miliary  abscess.  When  very 
numerous,  the  miliary  abscesses  may  become  confluent  and  so  give  rise  to  an 
abscess  as  large  as  a  walnut  or  a  fist,  as  is  frequently  observed  especially  in 
the  liver. 

If  larger  vessels  are  plugged  by  emboli  infected  with  pyogenic  microbes, 
abscesses  of  considerable  size  are  formed.  These  are  usually  rounded  in  shape, 
if  the  occlusion  of  the  artery  is  immediately  followed  by  development  of  a  full 
collateral  circulation.  These  abscesses  are  comparatively  common  in  the  lungs, 
because  the  blood  coming  from  the  great  veins  has  here  to  traverse  a  capillary  net- 
work for  the  first  time.  If,  on  the  other  hand,  the  occlusion  of  the  arteries  by 
infected  emboli  leads  to  more  permanent  interruption  of  the  circulation  in  the 
area  supplied,  the  suppuration,  as  a  rule,  attacks  the  Avhole  of  the  isch^emic 
part.  Wedge-shaped  abscesses  form  in  the  kidney  (Fig.  238),  while  in  the  spleen 
and  the  brain  they  are  rounded  or  irregular,  corresponding  to  the  local  extent 
of  the  circulatory  disturbance. 

Finally,  abscesses  are  formed  under  many  other  circumstances  which  allow  the 
organisms  to  enter  the  tissues,  e.g.  in  the  gum  when  the  teeth  are  carious,  in  the 
parotid  in  cases  of  typhoid  or  in  other  general  pyrexial  infections  which  at  once 
lessen  the  capacity  for  resistance  towards  pytemic  poisons  and  diminish  the 
secretion  of  saliva,  so  that  opportunity  is  given  to  the  organisms  in  the  mouth 
to  enter  the  excretory  ducts  of  the  glands.  In  the  same  way,  iibscesses  are 
formed  in  the  lungs  when  food  passes  into  the  bronchi,  especially  in  cerebral 
lesions  which  give  rise  to  disturbances  of  function  in  the  muscles  of  the 
pharynx  and  larynx.  In  the  soft  parts  abscesses  are  formed  after  punctures 
with  dirty  needles,  in  which  case  the  punctures  may  heal  without  a  trace  on 
the  surface,  Avhile  abscess  formation  begins  in  the  deeper  tissues.  The  form 
and  size  of  the  abscesses  which  occur  under  these  and  other  circumstances 
show  great  variations.  Frequently  it  is  not  rounded,  limited,  suppurating 
cavities  that  are  formed,  but  widely  burrowing  purulent  infiltrations  of  the 
tissues,  which,  by  their  confluence,  may  become  irregular  suppurating  cavities. 
In  this  case  the  pus  gains  access  to  the  opened  tissue  spaces,  the  sub-fascial 
and  intermuscular  spaces,  into  the  tendon  sheaths,  the  capsules  of  the  joints, 
and  into  the  serous  cavities,  the  walls  of  which  it  infects,  and,  at  the  same  time, 
softens  by  suppuration.  The  further  advance  of  the  pus  is,  in  many  cases, 
influenced  by  gravity  {grnvitotion  (ihscesA).  Active  and  passive  muscular  move- 
ments are  more  important  factors,  since  it  is  well  known  that  they  are  able  to 
aid  greatly  in  the  progress,  not  only  of  the  lymph,  but  also  of  the  fluids  in 
the  tissues. 

When  the  abscess  has  persisted  a  long  time,  a  layer  of  granulation  tissue 
forms  round  about  it  (Fig.  238,  c).  This  is  derived  from  the  outer  part  of  the 
small- celled  zone  of  the  recent  abscess,  which  has  not  undergone  purulent 
softening,  while  the  blood-vessels  and  the  connective  tissue  give  rise  to  the 
young  cell  material.  The  histological  aspect  of  this  process  will  be  more 
accurately  given  in  dealing  with  progressive  tissue  change.  It  Avas  formerly 
believed  that  the  young  cell  material  which  surrounded  older  abscesses  as 
a  granulation  tissue  zone  was  derived  from  the  pus,  and  it  was  therefore  called 
the  2>l/ogenic  membrane — a  term  which  is  still  greatly  used  at  present  with 
somewhat  different  meaning. 

The  pus  may  break  through  the  walls  of  the  cavity  and  pass  directly 
externally,  or  into   open  tissue  spaces,  or  pre-existing  cavities   of  the  body, 
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where  it  excites  new  suppuration.  In  other  cases  it  is  artificially  evacuated 
externally  by  incision.  If,  on  the  other  hand,  it  remains  stationary  at  the 
place  where  it  is  developed,  the  pyogenic  organisms  may  die  and  the  contents 
of  the  abscess  gradually  lose  their  virulence,  wholly  or  partly.  The  contents 
may  become  inspissated,  calcareous,  or  transformed  into  caseous  masses,  and, 
lastly,  may  be  reabsorbed.  As  long,  however,  as  the  virulence  of  the  pus  is 
not  subdued,  there  is  always  the  danger  that  the  organisms  may  invade  the 
surrounding  tissue  and  gain  access  to  the  blood-vessels  or  lymphatics.  They  are 
then  carried  away  to  other  parts,  and,  under  certain  circumstances,  new  abscesses 
are  formed  in  other  organs  in  consequence. 

On  the  surface  of  the  skin,  of  mucous  membranes  and  of  wounds  of  all 
kinds,  considerable  circulatory  disturbances  with  emigration  of  leucocytes  are 
caused  by  the  action  of  toxic  and  infectious  substances.  In  such  cases  it  is  not 
only  the  action  of  chemotaxis,  but  also  the  anatomical  arrangement  of  the 
tissue,  which  leads  some  of  the  cells  coming  from  the  blood-vessels  to  the 
surface  of  the  tissue.  With  the  cells,  however,  some  of  the  fluids  escaped  from 
the  A'essels  also  pass  to  the  surface,  and  these  fluids  appear  to  be  great  in 
quantity,  in  proportion  to  the  increase  in  the  permeability  of  the  vessel  wall. 
As  a  result  of  the  increased  permeability  of  the  vessel  wall,  the  fluids  are 
generally  highly  albuminous,  and,  together  with  the  cells,  form  the  exudation. 
This  latter,  when  the  i:)yogenic  organisms  are  present,  assumes,  as  a  rule, 
the  character  of  pus.  In  wounds  which  are  clean  and  not  infected — that  is, 
in  simple  uncomplicated  trauma — the  exudation  is,  as  a  rule,  very  slight  in 
amount.  It  ought  not,  however,  to  be  overlooked,  since  it  is  occasionally  of 
some  importance  in  the  healing  of  the  wound.  This  can  only  be  satisfactorily 
described  in  the  consideration  of  progressive  tissue  changes.  We  were  able  to 
show,  however,  when  describing  trauma,  that  these  changes  also  took  place  in  the 
floor  of  wounds  on  which  neither  toxic  nor  infective  poisons  had  acted,  and 
this  necessitates  the  assumption  that  injury  in  itself  can  increase  the  perme- 
ability of  the  vessel  wall.  We  proved  directly  that  thennal  injury  gave  rise  to 
changes  in  the  vessel  wall.  It  might,  perhaps,  also  be  assumed  that  the 
mechanical  action  of  a  blow  may  increase  the  permeability  of  the  vessel  wall 
without  causing  actual  loss  of  continuity.  In  any  case,  however,  the  action  of 
air — that  is,  evaporation — and  the  action  of  the  water  made  use  of  in  dressing 
the  Avound  represent  a  chemically  acting  injury,  as  also  does  the  blood  which 
escapes  upon  the  surface  of  the  wound  and  then  coagulates,  and,  perhaps,  also 
the  tissue  juices  which  pass  from  the  margins  of  the  wound  and  coagulate  on  its 
surface.  Although  these  injurious  influences  must  be  regarded  as  insignificant, 
or  even  as  belonging  to  the  normal  course  of  healing,  still  the  vessel  walls  are 
highly  sensitive,  as  is  also  the  protoplasm  of  the  emigrated  cells.  It  is  observed 
that  circulatory  disturbances  persist,  and  cell  emigration  continues  for  days 
in  the  neighbourhood  of  a  perfectly  uncomplicated  incised  wound.  We 
are  therefore  forced  to  assume  that  the  blood  poured  out  from  the  wound  and 
coagulated,  and  also  the  tissue  fluid  passing  out  from  the  open  connective 
tissue  spaces,  act  as  chemical  substances  which  produce  pain,  circulatory 
disturbance,  alteration  in  the  wall  of  the  vessel,  exudation  and  emigration  of 
leucocytes,  and  also  attract  the  leucocytes  to  the  surface  of  the  wound  by 
chemotaxis,  along  the  path  already  taken  by  the  exudation.  This  action  may 
be  subsequently  strengthened  by  the  exudation  which  coagulates  on  the  surface 
of  the  wound. 
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IX.  Pathological  Transudations  and  Exudations 

"Within  the  tissues  and  cavities  of  the  human  body  ahnormal  amounts  of 
fluid  sometimes  accumulate,  "which  differ  from  blood  in  their  histological  and 
chemical  composition,  although  they  are  composed  almost  exclusively  of  its 
constituents.  These  are  spoken  of  as  pathological  transudations  and  exudations, 
when  the  sjiecific  function  of  the  glands  and  various  secreting  epithelia  takes 
little  or  no  share  in  their  formation. 

Transudations  and  exudations  were  at  first  distinguished  according  to  the 
character  of  the  fluid.  Clear  fluids  of  low  specific  gravity  and  only  slightly 
albuminous  were  regarded  as  transudations.  Turbid,  highly  albuminous  fluids 
of  high  specific  gravity  and,  as  a  rule,  containing  fibrin  Avere  generally  called 
exudations.  Exudations  were,  at  that  time,  regarded  as  the  result  of  an 
inflammation.  Cohnlieim  inferred  from  the  highly  albuminous  character  of  the 
exudation  that  the  condition  of  the  vessel  wall  was  abnormal,  and,  on  this 
inference  partly,  founded  the  doctrine :  where  there  is  inflammation  there  is 
alteration  of  the  vessel  wall ;  where  there  is  alteration  of  the  vessel  wall  there  is  in- 
flammation, 

A  very  simple  distinction  is  thus  obtained ;  transudations  are  fluids  which 
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pass  from  the  blood  into  the  tissues  through  the  normal  vessel  wall,  and 
exudations  are  fluids  which  pass  from  the  blood  into  the  tissues  through  an 
abnormally  permeable  vessel  wall.  This  distinction,  however,  is  no  more 
applicable  to  all  cases  than  was  the  first. 


Under  normal  circumstances  part  of  the  fluid  constituents  of  the  blood  pass 
through  the  vessel  wall  to  the  tissue,  this  process  being  termed  transudation. 
The  vessel  wall  j^ermits  both  of  diff'usion  and  of  filtration.  In  the  intro- 
duction to  the  local  circulatory  disturbances  it  was  pointed  out,  on  the 
strength  of  the  researches  of  F.  A.  Hoflfmann,  that  the  processes  of  filtration 
considerably  predominated,  as  regards  the  albuminous  constituents  of  the  blood 
at  least.  From  the  works  of  C.  Schmidt,  Naunyn,  Hoppe-Seyler  and  Reuss  it 
may  be  seen  that  the  walls  of  the  capillaries  in  different  areas  show  diff'erent 
degrees  of  permeability.  The  transudations  into  the  cerebral  ventricles  contain, 
as  a  rule,  very  little  albumen  (1'44  per  cent).  Those  of  the  subcutaneous 
cellular  tissue  (5'79  per  cent),  the  peritoneum  (11 '14  per  cent),  and  the  pleura 
(18 '33  per  cent)  are,  in  an  ascending  scale,  more  highly  albuminous  as  a  rule 
(Reuss). 

The  process  of  transudation  is  dependent  upon  the  pressure  of  the  blood,  the 
composition  of  the  Mood,  and  the  condition  of  the  vessel  W(dl. 

Slight  increase  in  the  blood -pressure  of  a  vascular  territory,  such  as  is 
produced  by  dilatation  of  the  aff'erent  arteries  after  section  of  a  nerve,  has 
apparently  no  demonstrable  influence  on  the  formation  of  lymph,  provided  that 
the  conditions  are  otherwise  normal  (Paschutin,  Emminghaus).  This  result 
cannot  be  surprising  if  it  is  considered  that  the  vessel  wall  is  made  up  of  cells 
which  undoubtedly  may  have  a  certain  influence  on  the  process  of  transudation, 
independent,  within  certain  limits,  of  the  blood-pressure.  This  has  been  recently 
proved  in  detail  by  the  very  accurate  experiments  of  Heidenhain. 

Tlie  rise  in  pressure  in  the  vessels  which  takes  place  after  ligature  of  the 
most  important  or  all  the  efferent  veins  from  any  area,  is  always  more  consider- 
able than  after  nerve  section.  Lower  observed  the  occurrence  of  oedema  after 
ligature  of  veins.  Emminghaus  and  Ranvier  have  made  more  accurate  observa- 
tions on  this  subject.  According  to  them,  even  moderate  degrees  of  venous 
congestion  cause  an  increase  in  the  formation  of  lymj)h,  and  thus  an  increase  of 
transudation.  The  process  of  transudation  thus  undergoes  a  double  increase 
Avhen  the  nerves  of  the  congested  area  are  also  divided,  so  as  to  allow  a  greater 
influx  of  blood  into  the  capillaries  and  thus  increase  the  pressure  within  them.  An 
accumulation  of  clear  fluid  then  takes  place,  as  a  rule,  in  the  tissues  of  the  area 
of  congestion,  so  that  these  become  gelatinous  in  appearance,  congestive  cedetmi. 

It  may  be  assumed,  therefore,  thcit  the  permeability  of  the  vessel  wall  is  altered 
hy  such  great  increase  of  pressure  (Emminghaus).  If  cannulae  are  inserted  into 
the  Ij'mph-vessels  of  an  extremity,  and  the  veins  then  ligatured,  an  increase  in 
the  flow  of  lymph  is  observed.  This  attains  its  maximum  only  after  a  consider- 
able time.  If  the  ligature  be  loosened,  after  the  congestion  has  lasted  for  an 
hour  or  longer,  the  increase  in  the  flow  of  lymph  disappears  very  slowly,  in  one- 
half  to  three  hours.  This  phenomenon  is  partly  due  to  the  fact  that,  during 
venous  congestion,  great  quantities  of  fluid  accumulate  in  the  tissues,  and  are 
only  gradually  evacuated.  It  may  happen,  however,  that  the  maximum  flow 
of  lymph  only  appears  after  the  ligatures  are  loosened.  This  result  can  only 
be  interpreted  as  indicating  an  increase  of  the  permeability  of  the  vessel  wall. 

In  these  experiments  the  composition  of  the  lymph  is  changed.      The  lymph 
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in  venous  congestion  has  more  water  than  normal  lymph.  This  fact,  which  is  con- 
firmed by  Lassar,  depends  upon  the  local  rise  of  pressure  caused  bj^  the  con- 
gestion. Runeberg  has  sliown,  at  least,  that  in  artificial  filtration  of  a  Solution 
of  albumen  through  animal  membranes  (intestine,  pleura,  ureter  of  sheep),  or 
through  thin  layers  of  caoutchouc,  the  percentage  of  albumen  in  the  filtrate  was 
diminished  as  the  filtration  pressure  rose  ;  while,  at  the  same  time,  the  cpiantity 
of  the  filtrate  which  passed  through  the  filter  in  a  certain  time  Avas  increased. 

The  results  of  experiment  show  that  it  is  comparatively  difiicult  to  produce 
congestive  oedema  in  animals.  After  ligature  of  the  principal  vein  of  an 
extremity,  collateral  eff"erent  vessels  are  found  for  the  blood,  which,  although 
they  do  not  completely  remove  the  congestion,  render  it  comparatively  slight. 
The  rise  of  pressure  in  the  vessels  in  the  area  of  congestion  is  therefore  also 
comparatively  slight,  and  the  increased  transudation  which  appears  only  reinforces 
the  lymph-stream.  The  lymph-vessels,  as  a  rule,  suffice  to  carry  away  most  of 
the  lymph  formed.  Ql^dema  can  only  be  produced  with  certainty  in  animals 
after  ligature  of  the  veins  of  the  leg,  when  the  principal  nerves  of  the  extremity 
are  also  divided  and  the  arteries  thus  dilated.  The  same  result  is  also  observed 
when  there  are  no  large  collateral  venous  channels,  or  when  all  the  efferent 
veins  of  an  extremity  are  occluded.  The  ligature  en  masse  of  whole 
extremities  leads  to  osdema,  either  when  the  artery  is  not  included  in  the 
ligature,  or  when  the  ligature  is  so  loosely  tied  that  it  blocks  the  veins  and 
lymph-vessels,  but  not  the  arteries  (Ludwig  and  Tomsa,  J.  Arnold,  Sotnis- 
chewsky).  On  the  other  hand,  the  ligature  of  any  of  the  main  13'mph-vessels 
has  no  eff"ect  as  far  as  can  be  seen  with  the  naked  eye,  because  the  lymph  finds 
easy  exit  by  very  small  collateral  channels  and  by  the  tissue  spaces. 

The  production  of  well-marked  oedema  is  frequently  observed  in  man  in 
venous  congestion,  even  of  a  trifling  nature.  The  diseases  of  the  vascular 
system,  which  are  so  common  in  man,  are  obviousl}^  partly  responsible  for  this. 
Arteriosclerosis  is  due  to  weakening  of  the  muscular  coat  of  the  arteries,  which 
are  consequently  unable  to  contract  in  normal  fashion  if  the  blood-stream  is 
slowed  from  congestion.  The  result  is  therefore  similar  to  that  observed  in 
animals,  when  section  of  the  nerves  is  added  to  ligature  of  the  veins.  The 
capillaries  also  frequently  appear  to  be  diseased,  so  that  slight  congestion  allows 
the  passage  of  great  quantities  of  transudation  through  the  abnormally  perme- 
able vessel  walls.  The  action  of  increase  in  pressure  will,  in  such  cases,  be 
combined  with  the  consequences  of  disease  of  the  capillary  wall.  This  will  be 
more  full}'  examined  afterwards. 

Before  doing  so,  the  influence  of  ths  compositmv  of  the  blood,  as  regards  the 
process  of  transudation,  must  be  explained.  The  whole  theory  of  hydrcemic  oidema 
arose  from  the  supposition  that  an  increase  in  the  watery  constituents  of  the 
blood  or  a  decrease  of  the  albuminous  contents  could  produce  oedema.  This 
could  not  be  experimentally  demonstrated,  however.  If  the  watery  constituents 
of  the  blood  were  increased  by  injection  of  warm  water  into  the  veins,  for  in- 
stance, a  point  was  very  soon  reached  at  which  the  red  blood  corpuscles  began  to 
dissolve.  The  haemoglobin  of  the  cells  passed  out  into  the  blood  plasma  and  was 
partly  excreted  by  the  kidneys,  causing  ha:moglohinuria  and  methcemoglohinuria. 
That  such  changes  are  not  the  essential  causes  of  hydraemic  oedema  is  certain. 
Cohnheim  and  Lichtheim  injected  a  '6  to  '75  per  cent  salt  solution  into  the 
blood-vessels  of  an  animal,  so  that  solution  of  red  blood  corjniscles  was 
avoided.  As  long  as  the  quantity  of  fluid  injected  is  not  great,  however,  no 
further  disturbances  appear.  The  blood  system  accommodates  itself  to  the 
increased  volume  of  blood  without  difficulty.     CEdema  only  occurs  when  the 
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weight  of  the  salt  solution  introduced  into  the  blood  exceeds  10  per  cent  of 
the  body  weight  (Salvioli).  This  oedema,  however,  does  not  affect  the  skin 
and  serous  cavities  as  does  the  supposed  hydrsBmie  oedema  of  man,  but  rather 
selects  the  loose  cellular  tissue  of  the  salivary  glands  and  pancreas,  and  the 
highly  glandular  mucous  membranes  of  the  stomach,  the  intestine,  and  similar 
situations.  Since  not  only  the  kidney  but  other  glands  also  begin  to  secrete 
very  actively  after  such  infusion  of  dilute  salt  solution  into  the  blood,  this  redema 
may  accordingly  be  attributed  to  the  specific  function  of  these  glands,  but  is 
of  no  value  for  the  explanation  of  hydreemic  oedema  of  the  skin  and  serous 
cavities  in  man.  In  these  experiments,  it  is  true,  a  slight  accumulation  of  fluid 
is,  as  a  rule,  observed  in  the  abdominal  cavity,  in  the  cellular  tissue,  and  in  the 
connective  tissue  which  accompanies  the  vessels  and  nerve-trunks.  Dembowsky, 
who  repeated  these  experiments  under  my  superintendence,  succeeded  in  show- 
ing that  a  considerable  rise  of  blood -pressure  took  place  in  the  veins,  so  that, 
in  any  case,  the  effect  of  venous  congestion  is  combined  with  the  alteration  in 
the  composition  of  the  blood.  Under  such  circumstances  it  is  easily  explained 
how  Jankowski  and  Dembowsky  were  able  to  demonstrate  a  further  increase 
of  the  oedema,  when  the  nerves  were  cut  through  at  the  same  time. 

To  remove  all  these  sources  of  error  Dembowsky  modified  the  experiment 
by  repeatedly  Avithdrawing  blood  from  the  carotid  of  the  animal,  and,  after 
each  withdrawal,  infusing  the  same  cjuantity  of  "6  per  cent  salt  solution.  The 
total  quantity  of  the  fluid  circulating  in  the  animal's  body  was  therefore 
unaltered,  although  the  blood  was  at  last  almost  half  replaced  by  salt  solution. 
No  oedema  occurred.  Cohnheim  and  Lichtheim  made  similar  experiments  with 
similar  results.  It  may  therefore  be  stated  that  mere  hypulhuminosis 
{diminution  of  the  albuminous  contents  of  the  blood)  jjroduces  no  cedema. 

On  the  other  hand,  the  investigations  of  F.  A.  Hoffmann  show  that  the 
amount  of  albumen  in  the  transudation  alters  in  an  almost  direct  ratio  with  the  alteration 
of  the  amount  of  albumen  in  the  blood  plasma.  The  transudations  have  always  less 
albumen  and  salts  than  the  blood  plasma ;  their  albumen  and  salts  are  there- 
fore dependent  upon  those  of  the  blood. 

The  third  factor  which  governs  the  passage  of  the  fluids  of  the  blood  into 
the  tissue  is  the  vessel  wall.  This  membrane,  formed  of  living  cells,  as  was 
already  mentioned,  allows  fluids  to  diffuse  and  filter  through  it.  In  its  turn, 
however,  it  influences  the  process  of  transudation.  This  can  be  seen  from  the 
fact  that  no  result  follows  trifling  alterations  in  pressure  in  the  blood  (Paschutin, 
Emminghaus).  The  experiments  of  Heidenhain  also,  as  well  as  my  investiga- 
tions concerning  the  origin  and  growth  of  the  blood-channels  which  have  already 
been  mentioned,  make  it  probable  that  the  endothelial  cells  of  the  vessel  wall 
have  the  properties  of  secreting  cells,  whose  secretion  passes  partly  to  the 
tissue  and  partly  to  the  lumen  of  the  vessel. 

Changes  in  the  condition  of  this  membrane,  alteration  of  the  vessel  wall, 
implying  increase  of  its  permeability,  were  first  demonstrated  by  Cohnheim 
and  assigned  as  the  cause  of  acute  and  chronic  inflammation.  The  experiments 
in  hydremic  oedema  afterwards  led  Cohnheim  and  Lichtheim  to  the  supposition 
that  hydrsemic  oedema,  in  man,  was  also  the  result  of  a  pathological  increase  in 
the  permeability  of  the  vessel  wall.  Cohnheim  also  pointed  out,  in  his  general 
pathology,  that  accumulations  of  clear  fluid  were  sometimes  met  with  in  the 
one  pleural  cavity,  while  the  other  pleural  cavity  was  empty.  Since  congestion 
is  excluded  in  such  cases  by  the  fact  that  both  pleural  cavities  have  their  walls 
supplied  by  blood  flowing  from  the  same  heart,  and  are  therefore  under 
identical  conditions,  it  must  be  granted  that  Cohnheim  was  right  when  he 
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sousht  the  cause  of  this  unilateral  serous  effusion  in  an  abnormal  condition  of 
the  vessel  walls. 

This  observation,  which  I  have  also  repeatedly  made,  acquires  much  greater 
importance,  when  it  is  considered  that  it  is  quite  common  to  find  an  unequal 
volume  of  serous  effusion  in  the  right  and  left  pleural  cavities,  and  that,  very 
frequently,  the  difference  is  so  great  that  it  cannot  easily  be  overlooked.  If 
there  is  any  congestion,  it  must,  in  nearly  all  cases,  be  the  same  in  the  vessels 
of  both  pleural  membranes,  and  the  blood  Avhich  the  heart  sends  to  the  two 
pleural  membranes  is  of  exactly  the  same  composition.  It  is  only  when  the 
lungs  are  diseased  that  there  is  any  difference  in  the  amount  of  blood  that 
reaches  the  pleura?,  because  the  capillary  ramifications  of  the  pulmonary  arteries 
are  frequently  connected  with  the  capillaries  of  the  pleura.  If  such  and  other 
similar  complications  are  disregarded,  the  unequal  accumulation  of  fluid  in  the 
two  pleural  cavities  is  proof  of  a  difference  in  the  condition  of  their  capillary 
walls. 

From  these  data  it  still  remains  doubtful,  however,  whether  the  difference 
in  the  condition  of  the  two  pleural  membranes  is  the  result  of  a  general  disease 


Fig.  239. — Injection  apparatus. 


of  the  vascular  system.  It  must  be  remembered  that  the  pleural  membranes 
are  vexy  frequently  the  seat  of  unilateral  local  diseases  which  pass  off,  more  or 
less,  without  a  trace,  but  which  may,  however,  have  occasioned  the  difference 
in  the  condition  of  the  capillary  walls.  In  a  great  number  of  cadavera  I  have 
therefore  injected  carefully  filtered  salt  solution  ("75  per  cent)  at  a  constant 
pressure  of  16  cm.  Hg  into  the  femoral  arteries  and  traced  the  course  of  the 
injection,  timing  it  also.  Many  differences  in  the  course  of  this  artificial 
circulation  were  observed.  Many  of  these  differences  Avere  difficult  to  interpret 
correctly,  because  the  presence  of  post-mortem  coagula  in  the  arteries  might 
have  interfered  with  the  injection.  Even  although  we  may  withdraw  a  long 
coagulum  from  the  open  femoral  artery  before  inserting  the  cannula,  we  have 
no  guarantee  that  all  the  coagula  have  been  removed.  On  the  contrary, 
such  coagula  are  nearlj^  always  present,  even  Avhen  the  large  arteries  prove  to 
be  free  when  they  are  examined  subsequently.  The  remains  of  the  coagula 
are  generally  forced  into  the  small  arteries  in  such  experiments,  where  they 
may  escape  observation  if  they  are  not  very  numerous. 

It  could  not  therefore  be  always  assumed  that  all  the  vascular  system  of 
the  extremity  was  uniformly  injected.     In  the  greater  part  of  the  vascular 
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system,  however,  the  injection  was  certainly  uniform.  A  difference  in  the  be- 
haviour of  the  stream  was  observed,  however,  which  is  independent  of  the 
question  whether  all  the  branches  of  the  vessels  were  acted  upon  by  the  stream 
of  fluid.  In  young  individuals  whose  vessels  are  healthy,  it  appears  that  the 
rapidity  of  the  stream  of  the  salt  solution  diminished  very  slowly  and  gradually, 
so  that  the  tissues  only  became  a3dematous  after  a  long  time.  If,  on  the  other 
hand,  arteriosclerotic  changes  were  present,  the  stream,  as  a  rule,  very  soon 
became  slow  and  the  leg  swelled  up  in  a  very  short  time. 


Time  required  for  the  injec- 
tion of  1  litre  normal  salt  solu- 
tion into  the  femoral  artery 
For  2  litres     .         .         .         . 
,,    3     ,, 

4  .  .  .  . 


Experiment  a. 
Kormal   vessels,  no  oedema 
before    the   beginning   of   the 
experiment. 

Tuberculosis  of  the  lungs. 
Great    emaciation.      Man, 
thirty-one  years  old. 


41  seconds 
36       „ 
35       „ 
39       ,, 


„    5 

,  , 

44        „          .         .         .         . 

„    6 

,  , 

48        ,,          .         .         .         . 

=  ,    7 

5  , 

53        „          .         .         .         . 

„    8 

,,.... 

57       „         .         .         .         . 

„    9 

,, 

69       ,,         .         .         .         . 

„10 

,, 

80       „         .         .         .         . 
Great  oedema  of  the  leg  and 
foot. 

„11 

,,.... 

91  seconds    .... 

,,12 

J  ,                   .                    • 

107       „         .         .         .         . 

.,13 

,  J 

125       „         .         .         .         . 

(Edema  of  thigh. 

„14 

J  , 

134  seconds    .         .         .         . 

„15 

M 

162        „          .         .         .         . 

„16 

,  , 

179       ,,         .         .         .         . 

„17 

,  J 

192       „         .         .         .         . 

Great  cedema  of  the  whole 

lower  limb  with  the  exception 

of  the  upper  part  of  the  thigh. 

Experwient  h. 
Great  arteriosclerosis.     Con- 
tracted kidney.     Hypertrophy 
of     the      left     ventricle     of 
the   heart.     Cortical    sclerosis 
of  the  brain.     No  oedema  be- 
fore    the    beginning    of    the 
experiment.   Great  emaciation. 
Man,  sixty  years  old. 
131  seconds. 
116       „ 
166        „ 
277       „ 

Great    uniform   cedema   of 
the   whole   of    the    lower   ex- 
tremity, with  the  exception  of 
the  upper  third  of  the  thigh. 
519  seconds 
847       „ 


The  apparatus  made  use  of  is  as  simple  as  it  is  convenient,  and  since  it  is  exceedingly  well 
adapted  for  the  injection  of  large  parts  of  the  cadavera  as  well  as  the  entire  cadaver,  it  may  be 
briefly  described. 

As  shown  in  Fig.  239,  it  consists  of  a  small  air-pump  A,  with  an  oscillating  cylinder  which 
can  be  screwed  on  to  the  table.  This  forces  air  into  the  reservoir  B,  which  is  made  of  zinc 
and  provided  with  a  mercurial  manometer  C,  and  has  a  capacity  of  60  litres.  From  here  the 
air  passes  into  the  bottle  D,  and  forces  the  injecting  fluid,  contained  in  this,  into  the  cannula  E, 
which  is  fixed  into  the  blood-vessel.  For  the  injection  of  the  entire  body  the  vessel  must 
contain  30  to  50  litres.  For  these  experiments  it  was  smaller.  It  contained  17  litres  of  salt 
solution,  and  was  j)rovided  with  a  scale  which  allowed  the  litres  to  be  read  off.     The  time 
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required  for  the  injection  of  each  litre  of  fluid  could  thus  be  determined  by  the  second  hand  of  a 
■watch.     For  two  experiments  which  serve  as  examples,  see  p.  349. 

These  and  other  experiments  show  that  Avhen  arteriosclerosis  is  present,  the 
salt  solution  has  to  overcome  much  greater  frictional  resistance  in  the  arteries 
of  the  lower  extremities,  although  investigation  showed  that  these  sclerotic 
arteries  were  not  greatly  narrowed.  It  was  specially  observed  that,  in 
experiment  o,  the  leg  was  markedly  oedematous  after  injection  of  17 
litres  of  "75  per  cent  salt  solution,  while  in  experiment  h  a  high  degree  of 
uniform  ojdema  occurred,  reaching  from  the  toes  to  the  upper  third  of  the 
thigh,  after  the  injection  of  only  4  litres.  The  femoral  veins,  in  both  cases, 
were  opened  widely  and  freed  from  blood  coagula  by  pressure,  as  also  were 
the  arteries,  so  that  the  injected  fluid  might  flow  away  freely.  It  may  be 
concluded  from  such  experiments  that  changes  in  the  permeability  of  the 
capillary  walls  are  also  present  in  arteriosclerosis. 

This  increase  in  the  permeability  of  the  capillary  wall  is  not  equally 
distinctly  marked  in  all  cases  of  arterioscleropis,  just  as  this  general  disease 
of  the  vascular  system  seldom  or  never  develops  to  an  equal  degree  in  every 
individual  vascular  area.  The  disease,  moreover,  extends  to  the  veins,  and 
produces  in  them  changes  similar  to  those  in  the  arteries  {phlehosclerosis),  so 
that  the  term  angiosderosis  seems  to  be  the  correct  name  for  the  whole  disease. 

Angiosclerosis,  however,  is  not  due  to  one  cause  alone,  but  is  an  anatomical 
and  functional  disturbance  produced  by  very  numerous  etiological  factors, 
by  intoxications  and  infections,  and  by  many  other  metabolic  disturbances 
which  aftect  the  vessel  wall.  The  abnormally  great  permeability  of  the  vessel 
wall  which  occurs  is  indicated  in  the  living  body — 

(1)  By  the  apjDearance  of  oedema  from  slight  venous  congestion. 

(2)  By  the  development  of  oedemas  without  any  previous  signs  of  congestion. 
These  forms  embrace  the  majority  of  the  so-called  hydraemic  cedemas.      In 

many  cases  they  are  directly  connected  with  angiosclerosis,  and  ma}^  then  be 
termed  angiosclerotic  ceJema.  In  other  cases  this  connection  is  not  so  easily 
made  out.  When  a  child  falls  ill  with  scarlet  fever,  oedema  of  the  subcutaneous 
cellular  tissue  and  the  serous  cavities  frequently  appears  sooner  or  later. 
Associated  with  this,  before  or  after  the  development  of  the  oedema  of  the 
skin  and  serous  cavities,  there  is  disease  of  the  kidneys,  as  a  result  of 
which  the  urine  becomes  albuminous.  Under  these  circumstances,  where 
there  is  no  local  congestion,  a  disease  of  the  capillary  walls  in  the  skin,  serous 
membranes  and  kidneys  must  be  assumed  to  exist,  and  this  disease  of  the 
capillary  wall  is  to  be  regarded  as  a  consequence  of  the  action  of  poisonous 
metabolic  products  derived  either  from  the  supposed  contagium  vivum  of 
scarlet  fever,  or  from  the  body  itself.  The  connection  with  angiosclerosis 
is  seen,  however,  when  it  is  learned  that,  in  scarlet  fever,  the  walls  of  the 
arteries  and  veins  lose  some  of  their  elasticit}^,  so  that  the  distended  arteries, 
after  a  few  weeks  or  months,  show  the  new  formation  of  connective  tissue 
in  the  intima  which  constitutes  the  histological  condition  of  arteriosclerosis. 
These  facts  are  just  as  important  for  the  theory  of  angiosclerosis  as  for  that  of 
angiosclerotic  oedema. 

The  researches  of  F.  A.  Hoffmann,  Euneberg,  Xeuenkirchen,  and  Lunin 
prove  further  that  the  fluid  in  angiosclerotic  cedtma  is  characterised  hy  the  small 
amount  of  cdhumen  ichich  it  contains  and  by  its  low  specific  gravity.  This  is  not  im- 
mediately apparent  in  their  works,  since  they  describe  the  slightly  albuminous 
transudations  of  low  specific  gravity  as  hydnemic.     Neuenkirchen  alone  has 
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mentioned  them  as  transudations  in  renal  diseases  (morbus  Brightii).  Under 
these  circumstances,  there  can  be  no  doubt  that,  in  many  cases,  the  deficiency  of 
albumen  in  the  blood  determined  the  slight  amount  of  albumen  contained  in 
the  transudation.  This  condition  cannot  be  looked  upon  as  the  determining 
cause  in  all  cases,  since  hydrsemic  oedema  also  occurs  when  the  general  nutrition 
is  good  ;  as,  for  instance,  in  arteriosclerotic  diseases  Avith  or  without  contracted 
kidneys.  It  must  also  be  remembered  that,  in  many  cases,  the  relation  between 
the  albumen  of  the  blood  and  of  the  transudation  may  be  reversed.  The 
albumen  contained  in  the  blood  diminishes  as  a  consequence  of  the  great 
removal  of  albuminous  fluids  from  it.  It  is  true  that  experience  shows  that 
the  amount  of  albumen  in  transudations  diminishes  when  other  factors  reduce 
the  albumen  in  the  blood.  It  shows,  however,  that  the  albumens  contained 
in  the  blood  also  diminish  when  great  quantities  of  transuded  fluids  are 
removed  in  rapid  succession,  from  the  peritoneal  cavity,  for  instance.  In  these 
cases  fresh  effusions  of  fluid  very  rapidly  form  in  the  abdominal  cavity  and 
withdraw  albumen  from  the  blood. 

In  the  case  of  chronic  renal  or  Bright's  disease  observed  by  Neuenkirchen 
the  following  conditions  were  present: — the  blood  lost  albumen  through  the 
renal  vessels,  and,  when  redema  occurred,  through  the  walls  of  other  capillaries 
also,  while  the  excretion  of  water  through  the  kidneys  was  diminished.     The 
diminution  of  the  amount  of  water  secreted  by  the  kidneys  is  not  sufficient  in 
itself,  as  experience  shows,  to  produce  oedema.     It  is  only  Avhen,  at  the  same 
time,  the  capillary  walls  show  abnormal  permeability  that,  as  may  be  easily 
understood,  the  formation  of  ffidema  is  favoured  to  a  very  great  degree ;  as, 
vice  versd,  the  oedema  is  reduced  when  the  secretion  of   the   kidney  is  again 
restored  by  suitable  drugs  and  other  measures,  and  water  is  withdrawn  either 
by  the  skin  or  by  the  intestinal  mucous  membrane.     These   are   the  results 
which  have  always  made  the  term  hydrtemic  a^lema  seem  specially  applicable. 
It  is  not  the  amount  of  water  or  the  deficiency  of  albumen  in  the  blood,  hoAv- 
ever  which  produces  the  condition,  but,  undoubtedly,  the  abnormal  condition 
of  the  capillary  wall.     Since  the  change  in  the  capillary  Avail  is  combined  Avith 
more  or  less  marked  histological  changes  in  the  arteries  and  veins,  Avhen  the 
disease  has  lasted  long  enough,  it  may  be  said  that  the  deficiency  of  albumen 
and  the  pronounced  ivatenj  condition  of  the  blood  cannot  be  regarded  as  the  cause  of 
the  oedema,  if  this  change  also  diminishes  the  amount  of  albumen  in  the  fluid  of 
cedemas  which  are  due  to  other  causes.     Tlie  so-called  hijclrcemic  cedema  appears  as 
the  result  of  disease  of  the  capillary  walls  which  increases  their  penneability,  and  is 
itself  associated  with  angiosclerosis.     Angiosclerotic  oedema,  however,  is  distinguished 
by  the  small  amount  of  cdbumen  contained  in  the  transuded  fluid,  and  is,  in  many 
cases,  combined  with  hydrcemiu. 

If  hydrsemia  arises,  it  is  partly  due  to  the  loss  of  albumen  from  the  blood 
Avhich  occurs  during  transudation.  Too  much  importance  must  not  be  attri- 
buted to  this  loss  of  albumen,  hoAvever.  As  a  rule,  hydrsemia  indicates  grave 
disturbance  of  metabolism,  Avhich,  at  one  and  the  same  time,  occasions  the 
abnormal  permeability  of  the  capillary  Avail  and  gives  rise  to  angiosclerosis 
Avith  or  Avithout  disease  of  the  kidneys  and  other  organs.  A  final  judgment 
as  to  angiosclerotic  oedema  is  at  present  premature.  A  decision  could  only  be 
arrived  at  after  extensive,  combined  clinical  and  pathological  investigations. 
The  number  of  transudations  Avhich  have  been  chemically  examined  is  A^ery 
considerable  even  at  jiresent,  but,  as  a  rule,  there  are  no  complete  clinical  and 
pathological  details  connected  Avith  them.  A  chemical  examination  of  the 
blood  or  the  blood  plasma  has  often  been  omitted.     This  is  quite  explicable. 
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since  the  withdrawal  of  large  quantities  of  blood  is  not  always  permissible 
in  serious  illness.  The  capillary  picnometer  which  I  have  constructed,  and 
which  has  been  already  mentioned,  may  perhaps  be  of  some  help  here,  if  an 
accurate  estimation  is  desired.  The  specific  weight  of  the  blood  serum  might 
yield  some  information  as  regards  the  most  important  points,  if  it  were 
ascertained  more  frequently  in  the  course  of  disease  and  compared  with  the 
specific  gravity  of  the  transudation.  Eeuss,  at  least,  has  shown,  as  regards 
the  latter,  that  the  specific  gravity  of  the  fluid  gives  a  fairly  accurate  indication 
of  the  amount  of  albumen  contained  in  it. 

Pathological  transudations  ahvays  contain  red  and  white  blood  corpuscles, 
as  was  shown  by  A.  Quincke.  Transudations  into  the  serous  cavities  contain, 
in  addition  to  these,  desquamated  endothelial  cells.  In  some  cases  the  contents 
of  ruptured  chyle  vessels  are  discharged  into  the  abdominal  cavity  and  become 
mingled  with  the  transudation  already  present  there  (chjlous  ascites).  The 
transudations  are,  otherwise,  clear  fluids  of  low  specific  gravity,  containing 
very  little  albumen  and  little  or  no  fibrin,  although  they  may  contain  great 
quantities  of  one  of  the  constituents  of  fibrin,  the  paraglobulin,  or  fibrino- 
plastin  (A.  Schmidt). 

If  the  transudations  are  formed  in  such  quantities  that  the  lymph-vessels 
no  longer  sufiice  to  drain  off"  the  transuded  fluid  from  the  tissues  into  the  blood, 
cedema  or  dropsy  occurs.  According  to  the  results  Avhich  have  just  been  arrived 
at,  two  forms  may  be  distinguished — congestive  dropsy  and  angiosclerotic  dropsy. 
According  to  the  situation  of  the  accumulations  of  fluid,  the  following  terms 
are  applied  : — hydrops  universalis  (general  cedema) ;  anasarca  (oedema  of  the  skin 
of  the  subcutaneous  and  intermuscular  cellular  tissues) ;  ascites  (collection  of 
fluid  in  the  peritoneal  cavity) ;  hydrothorax  (accumulation  of  fluid  in  the  pleural 
sacs) ;  hydropericardium  (dropsy  of  the  pericardium). 

Exxidations  are,  as  a  rule,  easily  distinguished  from  transudations,  even  on 
simple  inspection,  and  it  was  these  superficial  diff'erences  that  originally  led 
to  their  being  distinguished.  The  exudations  are,  for  the  most  part,  turbid 
fluids  of  high  specific  gravity,  containing  much  albumen  and  a  varying 
quantity  of  fibrin,  and  frequently  stained  ynth.  blood.  Many  fluids,  however, 
which  must,  according  to  their  cause,  undoubtedly  be  regarded  as  exudations, 
are  exceptionally  clear  and  transparent.  It  also  appears  sometimes  that  an 
exudation  loses  much  of  its  albumen  Avhen  the  blood  of  the  patient  becomes 
hydraimic.  The  appearance  of  the  exudation  certainly  gives  general  points 
of  distinction  from  transudation,  but  none  which  are  reliable  in  all  individual 
cases  and  which  might  serve  as  a  reason  for  the  distinction. 

Cohnheim  and  Lassar  have  concluded,  from  the  great  amount  of  albumen 
which  usually  characterises  the  exudations,  that  an  abnormal  permeability  of 
the  vessel  wall  is  the  cause  of  the  diff"erence  existing  between  exudation  and 
transudation.  Exudation  was  supposed  to  be  the  product  of  an  inflammation, 
and  the  presence  of  the  inflammation  was  seen  in  the  abnormal  permeability 
of  the  vessel  wall.  These  views  have  found  general  and  widespread  acceptance. 
Examined  more  closely,  it  will  be  found  that  the  first  conclusion  is  certainly 
justified.  The  greater  portion  of  the  exudation  proceeds  from  the  blood,  and 
the  large  quantity  of  albumen  it  contains  is  proof  of  the  abnormally  increased 
permeability  of  the  vessel  wall. 

Abnormal  permeability  of  the  vessel  wall,  however,  also  develops  in 
consequence  of  venous  congestion,  which  no  one,  at  present,  attributes  to 
inflammation.  In  the  same  way  we  are  forced  to  regard  angiosclerotic  oedema 
as  a  consequence  of  abnormal  permeability  of  the  vessel  wall.      Cohnheim,  whom 
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this  fact  had  not  escaped,  was  inclined,  therefore,  to  regard  the  so-called 
hydmemic  oedema  as  the  result  of  chronic  serous  inflammation.  On  this  point, 
however,  clinical  observers  refused  to  agree  with  him,  and  spoke,  as  before,  of 
hydrajmic  cedemas.  In  any  case,  it  must  be  pointed  out  that  ilie  alteration  of 
the  vessel  wall  which  causes  angiosclerotic  (edema  is  distinct  from  that  which  causes 
exitdation.  The  fluid  in  angiosclerotic  oedema  is  of  low  specific  gravity  and  has 
little  albumen  ;  exudations  are  of  high  specific  gravity  and  have  much  albumen. 
In  defining  exudation,  therefore,  we  cannot  accept  without  qualification  the 
alteration  of  the  vessel  wall  as  the  essential  factor. 

Chemical  examination  had  shown  that  transudations  contain  the  same  con- 
stituents as  the  blood,  but  in  different  proportions.  The  transudation  is  mainly 
derived  from  the  blood,  the  changes  in  its  chemical  composition  being  but 
slightly  affected  by  the  metabolism  of  the  tissues.  The  constituents  of  exuda- 
tions are  derived  mainly  from  the  blood.  Associated  with  them,  however, 
other  chemical  bodies  are  found  which  are  small  in  quantity,  indeed,  but 
whose  action  is  of  great  importance.  These  may  be  toxic  substances.  Injection 
of  alcoholic  tincture  of  iodine,  diluted  with  water,  gives  rise  to  exudation  into 
the  serous  cavities.  It  is  mainly,  however,  the  metabolic  products  of  tlie  patho- 
genic organisms,  the  pus-forming  cocci,  tubercle  bacilli,  anthrax  bacilli,  etc., 
which  give  rise  to  exudations.  In  a  few  cases  morbid  metabolic  products  of  the 
huiiKin  tissues  may  be  the  cause  of  exudation.  Carcinomatous  disease  of  the 
peritoneum  frequently  gives  rise  to  exudation  with  secretion  of  turbid,  even 
blood-stained,  very  albuminous  fluids  of  high  specific  gravity  into  the  abdominal 
cavity.  When  exudation  is  produced  by  mechanical  injuries  it  is  probably  due 
to  some  such  toxic  products.  In  this  case,  also,  chemically  acting  products  of 
disintegration  of  the  tissue  are  formed,  as  was  explained  in  the  description  of 
emigration.  Finally,  thermal  injuries,  burning  and  scalding,  are  very  active 
causes  of  exudation,  presumably  also  by  giving  rise  to  chemically  acting  pro- 
ducts of  disintegration. 

Most  substances  which  are  able  to  alter  the  tissues  chemically  give  rise  to 
exudation  if  they  come  into  contact  with  the  tissues,  and  produce  a  greater 
or  less  emigration  of  leucocytes  and  diapedesis  of  red  corpuscles.  All  experi- 
ence indicates  that  the  exudation  is'  the  consequence  of  a  local  chemical  action  on  the 
tissues,  whether  it  be  that  the  poisonous  substance  gains  access  to  the  tissues 
from  without  or  from  the  blood,  or  that  it  is  formed  in  the  tissues  with  or 
without  the  aid  of  pathogenic  microbes.  In  the  chapters  on  Trauma,  Intoxica- 
tions and  Infections,  we  have  discussed  this  mode  of  action  more  fully.  The 
abnormal  permeability  of  the  vessel  zvall,  manifested,  as  a  rule,  by  the  great  amount 
of  albumen  in  the  exudation,  determines  the  composition  of  the  exudation,  ami  this 
abnormal  permeability  is  itself  clue  to  the  local  chemiccd  action. 

According  to  these  views,  exudation  must  be  regarded  as  a  fluid  derived  from  the 
blood,  and  fcrrmed  in  consequence  of  the  loccd  action  of  chemically  acting  substances 
which  increase  the  permeability  of  the  vessel  ivcdl. 

Even  when  an  exudation  is  found  to  be  very  deficient  in  albumen,  owing 
to  want  of  albumen  in  the  blood,  or  under  other  special  circumstances,  this 
definition  still  holds  good.  It  shows  at  once  the  close  relation  existing  between 
the  exudations  and  angiosclerotic  oedemas.  Both  diseases  may  be  referred  to 
alterations  in  the  condition  of  the  capillary  wall.  It  may  be  almost  assumed, 
even  with  regard  to  many  angiosclerotic  oedemas,  that  abnormal,  chemical, 
metabolic  products  of  the  body  or  of  the  pathogenic  microbes  are  concerned 
in  the  alteration  of  the  permeability  of  the  capillary  wall.  Nevertheless, 
important  differences  exist  which  have  never  been  overlooked  by  physicians. 

23 


354  EXUDATIONS 


The  angiosclerotic  oedemas  are  the  consequence  of  general  disturbances  of 
metabolism,  and  the  alterations  in  the  vessel  wall  caused  by  these  disturbances 
are  qualitatively  different  from  those  which  cause  exudation,  as  is  shown  b}' 
the  slight  amount  of  albumen  in  the  oedema.  "When  a  serious  attack  of  a 
general  pyrexial  disease,  typhoid,  for  instance,  has  been  recovered  from,  and 
Avhen,  after  a  few  weeks,  the  portion  of  finger-nail  formed  during  the  pyrexial 
period  emerges  from  under  the  nail  fold,  it  presents  an  abnormal  appearance. 
The  general  disease  which  we  call  typhoid  has  taken  effect  on  the  formation 
of  the  nail  substance.  In  the  same  way,  the  endothelium  of  the  vessel 
wall  may  be  injured  by  the  general  disease  in  typhoid,  still  more  in  scarlet 
fever  and  in  chronic  disturbances  of  metabolism,  and  be  impaired  either 
temporarily  or  permanently  in  its  function.  This  disturbance  of  function  is, 
however,  not  to  be  attributed  to  the  local  action  of  a  chemical  poison.  There 
is  no  ground  for  doing  so,  and  the  slight  amount  of  albumen  contained  in  the 
fluid  which  passes  out  from  the  diseased  blood-vessels  is  decidedly  opposed  to 
such  an  opinion. 

The  physician  Avho  removes  fluid  of  a  high  specific  gravity,  or  containing 
much  albumen  (tables  bearing  on  this  subject  will  be  found  drawn  up  at  the 
end  of  this  section),  from  the  peritoneal  or  pleural  cavities  of  his  patient,  is 
in  a  position  to  say,  as  F.  A.  Hoffmann  has  shown,  that  this  is  an  exuda- 
tion. Such  a  diagnosis  is  of  especial  importance,  since  from  it  the  conclu- 
sion is  drawn  that  in  this  abdominal  cavity,  or  in  its  walls,  there  is  a  local 
cause  for  the  occurrence  of  the  exudation,  a  poison,  a  pathogenic  microbe,  an 
injury,  or,  lastly,  a  tumour  which  gives  rise  to  abnormal  metabolic  products. 
This  is  frequently  of  great  importance  to  the  physician  as  regards  treatment, 
and  the  prognosis  will  also  be  considerably  influenced  by  such  a  conclusion,  as 
was  shown  by  Mehu  and  ISTeidert. 

The  definition  of  exudation  which  has  been  given  above  is  thus  of  great 
importance,  not  only  theoretically,  but  also  practically.  Fiu-ther,  it  includes 
those  processes  which  are  usually  termed  inflammatory.  It  also  closely  corre- 
sponds to  Cohnheim's  definition  of  inflammation,  since  it  only  introduces 
the  etiological  factor,  so  far  as  it  is  supposed  to  be  known,  and,  further,  brings 
the  local  character  of  the  disturbance  into  prominence.  If,  therefore,  it  is 
desired  to  turn  this  definition  of  exudation  into  a  definition  of  inflammation, 
it  may  be  done  simply  by  saying  :  Inflammation  is  a  pathological  disturbance 
characterised  hij  exudation.  This  definition,  which  will  be  referred  to  later, 
may  have  just  as  little  claim  to  permanence  as  any  of  the  other  definitions  of 
inflammation  hitherto  given,  since  the  term  inflammation  is  applied  very 
loosely.  Inflammation  is  a  kind  of  protean  idea  which  dates  from  the 
scholastic  period  of  ancient  medicine,  and  should  be  relegated  to  it  as  its 
undisputed  property. 

As  a  matter  of  fact,  "  inflammation  "  is  now  used  as  a  convenient  term  to 
cover  the  gaps  in  our  knowledge,  but  is  no  longer  appropriate  when  the  connec- 
tion between  the  phenomena  and  their  causes  has  been  worked  out.  Never- 
theless, the  physician  cannot  refuse  to  be  interested  in  this  conception, 
which  has  survived  for  centuries  and  still  appears  to  be  indispensable  to 
many. 

The  greater  part  of  the  exudation  is  derived  from  the  blood.  It  is  princi- 
pally composed  of  a  highly  albuminous  fluid,  more  or  less  rich  in  fibrin  or  its 
components,  and  white  and  red  blood  corpuscles.  These  constituents  are 
present,  however,  in  varying  and  very  unequal  amounts.  They  also  frequently 
undergo   secondary   changes  from   the   action   of    the   chemical  and   infective 
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substances  which  produced  the  exudation,  oi*  which  have  gained  access  to  it 
accidentally. 

Highly  albuminous,  non-coagulating  exudations  with  few  cells  are  termed 
serous  exudations.  As  the  amount  of  fibrin  increases,  the  exudation  becomes 
sero-Jibrinous,  and  ultimately  fihrinous.  The  sero- fibrinous  exudation  appears 
as  a  fluid,  rendered  slightly  turbid  by  numerous  leucocytes  and  a  few  red 
blood  corpuscles,  and  in  which  a  number  of  flakes  of  fibrin  are  suspended.  Fibrin- 
ous exudation,  on  the  other  hand,  consists  of  a  coagulated  mass  of  granular  and 
filamentous  fibrin,  enclosing  a  varying,  and,  as  a  rule,  very  considerable  number 
of  leucocytes.  It  covers  the  serous  membrane  as  a  fibrinous  layer,  in  thick  or 
thin  lamiiife,  sometimes  as  a  dense  coating  (Fig.  240).  The  accumulations  of 
fibrin  between  the  margins  of  aseptic  wounds  are  usually  small  in  quantity. 
When  they  contain  many  red  corpuscles,  these  exudations  become  sero-hcemor- 
rhagic,  fihino-hmmmrliagic,  and  finally,  hcemorrhagic.  The  last  are  distinguished 
by  the  comparatively  great  number  of  red  blood  corpuscles  they  contain  ;  in 


Fig.  240.— Fibrinous  exudation  into  the  pleura  with  a  few  emigrated  while  blood  cells.    Cue  of  the  white 

blood  cells  breakintr  down,     x  1000. 


addition  to  which,  fibrin  and  leucocytes,  and  sometimes  serous  fluid  also,  are 
found. 

The  cellular  elements  which  are  enclosed  in  this  exudation  break  down 
after  a  time.  Part  of  the  haemoglobin  is  dissolved  and  absorbed  ;  and 
part  is  transformed  into  brown  pigment.  The  proportion  of  albumen  of  the 
exudation  is  increased  by  the  absorption  of  the  fluid.  Lastly,  the  exudation 
may  disappear  without  leaving  any  trace.  Or  it  may  be  penetrated  by  blood- 
vessels and  replaced  by  connective  tissue,  in  a  way  similar  to  that  already 
described  in  the  replacement  of  a  thrombus  by  connective  tissue. 

In  many  cases  the  exudation  undergoes  special  changes  from  the  presence 
of  infective  poisons.  The  bacteria  of  suppuration,  through  the  poisons  they 
produce,  give  rise  to  very  cellular  exudations,  and  in  these  exudations  the 
fibrin  is  dissolved  in  statu  nascenti,  or  soon  after  its  formation.  Pus  is  thus 
formed  {imrulent  exudation).  The  bacteria  of  putrefaction  bring  about  putre- 
factive decomposition  of  the  exudation,  which  thus  becomes  discoloured  and 
foul -smelling  {putrid  exudation).  Finally,  it  may  happen,  especially  under  the 
influence  of  the  syphilitic  and  tubercular  poisons,  that  the  exudations  become 
inspissated  and,  from  disintegration  of  the  cellular  elements,  come  to  resemble 
cheese,  both  macroscopically  and   microscopically  {caseous  exudation).      Chylous 
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exudations  are  more  rare.  They  consist  of  fluid  which  contains  numerous 
minute  fat  droplets  and  fatty  cells.  They  may  be  formed  by  the  mingling 
of  chyle  with  peritoneal  exudations,  but  are  more  frequently  produced  by 
fatty  degeneration  of  the  cells  in  the  exudation. 

From  this  account  it  is  seen  that  exudations  may  occur  as  acute  and  as 
chronic  aff'ections.  The  acute  exudations  are  sometimes  serous  or  poor  in  cells 
in  the  early  stage,  apparently  when  violent  local  irritation  produces  great 
dilatation  of  the  arteries,  which  prevents  the  marginal  arrangement  and 
emigration  of  the  leucocytes.  Subsequently,  when  the  arteries  again  contract, 
the  amount  of  cells  in  the  exudation  increases,  and  it  passes  into  the  fibrinous, 
h?emorrhagic,  purulent,  or  putrid  form.     Exudations  which  are  at  first  acute 


Fig.  241.— Acute  bronchial  catarrh  (eroiipou.s  pneuinoriia).    Passage  of  the  leucocytes  through  the  ciliated 

cylindrical  epithelium  of  the  bronchus,    x  700. 

may  become  chronic  if  their  cause  continues  to  act.  Other  exudations  develop 
very  slowly,  and  from  the  beginning  betray  the  chronic  nature  of  the  disease, 
as,  for  instance,  those  which  accompany  the  formation  of  many  tumours  in  the 
abdomen. 

The  exudations  formed  on  the  free  surface  of  mucous  membranes  have  a 
peculiar  character,  since,  in  this  case,  the  products  of  altered  epithelial  secre- 
tions are  mixed  with  the  fluids  which  escape  from  the  blood-vessels. 

If  the  exudation  on  the  free  surface  of  the  mucous  membrane  remains 
fluid,  the  disease  is  termed  catarrh  of  the  mucous  membrane,  acute  and  chronic 
catarrhs  being  distinguished. 

In  acute  catarrh  the  mucous  membrane  is  reddened  and  swollen.  The 
redness  results  from  the  dilatation  of  the  vessels  ;  the  swelling  is  the  result 
of  the  dilatation  of  the  vessels  and  the  accumulation  of  the  exudation  in  the 
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tissues.  At  the  beuinnina;  of  acute  catarrh  the  exudation  is  often  a  serous 
fluid,  containing  few  cells  and  comparatively  little  albumen,  in  which  a  number 
of  desquamated  cells  from  the  mucous  membrane  and  glandular  epithelium  are 
present,  in  addition  to  some  Avhite  and  red  blood  cells  (serous  catarrh).  Great 
dilatation  of  the  arteries  is  probably  the  cause  of  the  small  number  of  cells 
which  characterises  this  exudation.  Subsequentl}',  the  nature  of  the  exudation 
from  the  mucous  membrane  becomes  altered.  It  is  mixed  with  numerous 
desquamated  epithelial  cells  {desquamative  catarrh).  More  frequently  still,  the 
exudation  assumes  a  mucous  character  from  the  great  formation  of  mucin  by 
the  glands  and  superficial  epithelium.  The  mucin  is  partly  derived  from  the 
goblet  cells  (mucous  catarrh).  If,  at  the  same  time,  numerous  emigrated  leuco- 
cytes are  present  in  the  exudation,  this  becomes  turbid  and  white  (muco-jmrtdent 
catarrh).     The  amount  of  mucin  in  the  exudation  may  be  less  marked,  so  that 


Fio.  242.— Atrophy  of  gastric  mucous  membrane  in  chronic  gastric  catarrli.  a,  mucosa,  the  few  remnants  of 
tlie  glands  ;  &,  muscularis  mucos* ;  c,  cicatricial  submucosa  ;  d,  muscularis  ventriculi ;  c,  gastric  gland 
dilated  by  accumulated  secretion.     From  a  preparation  by  my  former  assistant,  Dr.  Westphalen,  x  57. 

it  becomes  purulent  (purulent  catarrh),  or,  in  consequence  of  the  admixture  of 
numerous  red  blood  corpuscles,  the  exudation  assumes  a  hsemorrhagic  appear- 
ance (hcemorrhagic  catarrh).  Putrid  catarrhs  are  also  observed,  if  the  exudation 
from  the  mucous  membrane  undergoes  putrefactive  decomposition.  It  some- 
times happens  that  the  exudation  produced  by  the  mucous  membrane  is  very 
scanty  (dry  catarrh,  catarrhus  siccus). 

Similar  varieties  of  exudation  appear  in  chronic  ccdarrhs.  In  these,  how- 
ever, changes  in  the  histological  structure  of  the  mucous  membranes  are 
distinctly  apparent,  as  a  rule,  even  to  the  naked  eye.  The  mucous  membrane 
becomes  thinner  and  atrophies,  and,  under  certain  circumstances,  its  structure 
may  become  somewhat  more  dense  or  even  completely  cicatricial  (catarrhus  cum 
atrophia  mucosae,  or  briefly,  atrophic  catarrh),  (Fig.  242).  In  other  cases  the 
mucous  membrane  is  thickened  by  new  formation  of  mucous  tissue  and  glands 
(catarrhus  cum  hyperplasia  mucosce,  sometimes  called  simply  hypertrophic  catarrh). 
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111  chronic  catarrhs  it  may  even  appear  that  circumscribed  tumour -like 
growths  arise,  papillomata  especially.  These  Avill  subsequently  h^  more  minutely 
described  along  with  the  tumours.  A  condition  resembling  this  (papilloma  of 
the  posterior  Avail  of  the  bladder)  has  already  been  figured  (Fig.  133).  The 
deficiency  in  the  anterior  wall  of  the  bladder  has,  in  this  case,  exposed  the 
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Fig.  243.^Acute  croupous  exudation  from  the  trachea  iu  angina  maligna,  just  about  to  be  cast  off.  a,  laminated 
croufious  membrane  ;  the  most  superficial  layers  are  hyaline  ;  the  layers  below  this  have  many  leucocytes  ; 
the  deep  layers  of  the  croupous  membrane  consist  of  thread-like  fibrin  with  very  few  cells  ;  h,  an  empty 
space  (containing  a  little  coagulated  albumen)  formed  by  the  separation  of  the  croup  membrane  ;  c,  mucous 
membrane  of  the  trachea  ;  its  epithelial  covering  is  gone,  and  it  is  markedly  infiltrated  with  emigrated  white 
blood  corpuscles.  In  the  mucous  membrane  can  be  seen  the  membrana  propria,  numerous  transverse 
sections  of  vessels,  and  the  duct  of  a  gland,    x  125. 

mucous  membrane  to  external  injuries,  especially  to  the  action  of  the  pyogenic 
organisms,  which  produce  catarrh  that  may  last  for  years. 

Coagulating  exudations  are  formed  on  the  mucous  membrane  as  the  result 
of  very  various  causes  of  disease.  The  tough  or  soft  membranes  which  are  formed 
may  be  described  as  croupous  and  diphtheritic.  In  crouj?  a  fibrinous  membrane 
forms  on  the  mucous  membrane,  the  epithelium  being  for  the  most  part  shed. 
The   membrane   usually  shows   distinct   lamination.     The    various   layers   are 
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distinguished  by  unequal  density  in  the  network  of  fibrin,  and  by  the  varying 
number  of  emigrated  white  blood  corpuscles.  The  older,  more  superficial 
layers  of  fibrin  are  frequently  transformed  into  hyaline  or  finely  granular 
masses  like  those  which  have  been  already  described  in  thrombi  of  some 
standing  (Fig.  243).  At  first  the  croupous  membranes  are  fairly  adherent  to 
the  substratum,  although  they  can  be  torn  away  Avith  forceps.  Subsequently, 
spontaneous  separation  takes  place  (Fig.  243),  because  the  mucous  membrane 
now  produces  an  exudation  containing  very  little  fibrin,  which  raises  the 
coagulated  masses  previously  formed. 

The  mucous  membrane  is  left  behind,  deprived  to  a  great  extent  of  its 
epithelium.  The  process  of  membrane  formation  may  be  repeated.  Croupous 
membranes  are  formed  most  frequently  on  mucous  membranes  Avith  cylindrical 


Fig.  244. — Branching  fibrinous  exudation  from  tlie  bronclii  in  chronic  croupous  broncliitis.    Natural  size. 


epithelium,  but  are  not  exclusively  confined  to  these.  Acute  croupous  exudations 
are  found  on  the  mucous  membrane  of  the  pharynx,  the  larynx  and  trachea  in 
specific  angina  maligna  (diphtheria),  in  the  form  of  dense  white  membranes. 
Croupous  exudations  in  the  small  and  large  intestines  in  dysentery  are,  on  the 
other  hand,  frequently  stained  yellow  or  olive  green  from  imbibition  of  colour- 
ing matter  from  the  Ijile  in  the  intestinal  contents.  Chronic  croup  is  sometimes 
found  in  the  trachea  and  bronchi.  At  intervals  of  a  few  weeks,  during  violent 
attacks  of  dyspnoea,  the  patients  cough  up  branching,  cylindrical  casts  of  the 
bronchial  tree,  composed  of  fibrin  (Fig.  244). 

Diphtheritic  exudation  is  an  allied  process.  In  this  case  the  formation 
of  fibrinous  exudation  does  not,  however,  limit  itself  to  the  surface,  but  invades 
the  mucous  membrane  itself.  The  tissue  spaces  of  the  mucous  membrane 
become  filled  with  fibrinous  exudation  and  emigrated  cells.     At  the  same  time 
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the  mucous  mem1)rane  necroses  throughout  a  greater  or  less  extent,  l:)eginning 
at  the  surface.  The  necrosed  portion  of  tissue  closely  resembles  croupous 
membrane  to  the  naked  eye.  If,  hoAvever,  an  attempt  is  made  to  tear  ofl'  the 
diphtheritic  membrane  with  forceps,  this  does  not  at  first  succeed.  It  is  only 
later,  when  the  process  has  been  arrested  and  the  deepest  layers  of  the  necrosed 
tissue  are  liquefied,  that  separation  is  possible.  There  is  always  more  or  less 
loss  of  substance,  which  only  heals  up  gradually  by  the  formation  of  a  cicatrix. 
Diphtheritic  exudation  is  also  the  result  of  the  same  specific  infections  as  give 
rise  to  croup,  angina  maligna  (i.e.  diphtheria),  dysentery,  etc. 

After  this  consideration  of  pathological  transudations  and  exudations,  it 
appears  desirable  to  collect  in  a  tabular  form  the  specific  gravity  and  the 
amount  of  albumen  contained  in  some  of  the  transudations  and  exudations,  so 
far  as  these  are  of  theoretical  or  practical  imj^ortance. 


Peritoneal  Cavity 
Transudation — 


Spec 


in  Bright's  di-sease  ........ 

in  congestion  of  the  portal  circulation.     Cirrhosis  of  the  liver 
in  general  venous  congestion  ...... 

Exudation — 

in  carcinoma  of  the  peritoneum      ...... 

in  tuberculosis  of  the  peritoneum   ...... 

in  purulent  exudation    ........ 


Pleural  Cavity 
Transudation — 

in  Bright's  disease  ...... 

in  general  venous  congestion  .... 

Exudation — 

in  carcinoma  plem-se       ...... 

in  tuberculosis  pleurse  ..... 

in  purulent  exudation    ...... 


.  Gravity. 

Amount  of 
Albumen  %. 

1-006 

0-56 

1-008 

0-97 

1-012 

1-96 

1-018 

3-SO 

1-022 

5-76 

1-027 

7-10 

1-007 

1-012 

1-30 

1-017 

1-018 

•  .  . 

1-021 

4-79 

Subcutaneous  Cellular  Tissue  of  the  Lower  Extremity 
Pathological  transudations  of  mixed  origin 1-007-1-011    0-05-1-1 
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X.  Haemorrhage  and  Lymphorrliagia 

In  haemorrhage  there  have  been  distinguished 
haemorrhages  fer  diapedesin,  haemorrhages  ijer 
rhexin,  and  haemorrhages  per  diabrcdosin. 

Hcernonhage  hy  diupedem  has  already  been 
fully  considered  in  discussing  diapedesis.  Ila- 
morrhage  by  diabrodosis  (i.e.  from  ulceration  or 
erosion)  takes  place  when  the  process  of  ulcera- 
tion destroys  the  vessel  -wall  from  without,  as,  for 
instance,  in  many  haemorrhages  from  tubercular 
ulcerated  cavities  in  the  lungs.  Hcemorrhages  pier 
rhexin  (rupture)  are  haemorrhages  which  occur  in 
consequence  of  mechanical  solution  of  continuity 
in  the  vessel  wall.  Diseased  vessel  walls  may 
rupture  when  the  l^lood  -  pressure  is  normal. 
Transient  rises  in  the  arterial  pressure,  however, 
are  frequently  the  exciting  causes.  The  rise  of 
arterial  pressure  after  injury  has  already  been 
discussed  (Figs.  1  and  2).  The  rise  in  pressure 
when  respiration  is  suspended  is  no  less  important 
(Fig.  245).  It  appears  especially  in  undue  in- 
crease of  abdominal  pressure,  as  in  difficult  defe- 
cation and  similar  conditions.  Sensory  irritations 
of  the  skin  and  fright  also  cause  a  transitory 
reflex  rise  in  pressure  in  the  systemic  arteries. 
Active  muscular  movements  also  raise  the  arterial 
pressure. 

Haemorrhages  from  rupture  further  occur  at 
the  seat  of  injury  by  direct  solution  of  contirniity 
of  the  vessel  wall.  In  addition  to  this,  severe 
injuries  and  lacerations  of  arteries  and  veins  may 
cause  ruptiu-e  at  places  at  a  distance  from  the 
external  injury  (Eppinger).  The  spontaneous 
rupture  of  the  muscles  which  occurs  in  sudden,  ^ 
violent,  muscular  strains  may  also  be  regarded  as  ^1 — ^ 
an  injury  and  may  lead  to  haemorrhage.  "^"^    ^ 

Arterial  haemorrhages  may  sometimes  be  re- 
cognised by  the  pulsation  of  the  stream  of  the  blood,  or  by  spouting.    The  bright 
red  colour  of  freshly  escaped  arterial  blood  and  the  dark  colour  of  venous  blood 


2ft, 


o 
.0 


H 


'P  •=■ 


so 


362  HEMORRHAGE 


may  be  distinguished,  although  not  invariably.  In  deeji,  narrow  Avounds  it  is 
often  difficult  to  determine  the  source  of  the  lilood  without  enlarging  the  wound. 
In  recent  injuries  especially,  the  haemorrhage  from  the  divided  capillaries  is 
often  considerable  and  obscures  the  view. 

Hfemorrhages  from  ulceration  and  haemorrhages  from  rupture  have  this  in 
common,  that  the  blood  which  is  shed  usually  has  the  composition  of  the  lilood 
circulating  in  the  vessels,  which  is  not  the  case  in  haemorrhages  by  diapedesis. 
The  shfed  blood  may  pass  either  externally,  or  into  the  cavities  of  the  various 
hollow  organs  in  the  human  body,  or  it  may  accumulate  in  the  tissues.  In 
this  situation  it  may  form  large,  tumour-like,  rounded  accumulations  of  blood 
(Juemidoma),  or  it  may  insert  itself  in  flat  layers  between  two  membranes,  as,  for 
instance,  in  the  submucosa  of  a  mucous  membrane  {hcemorrhagic  suffusion). 
Hiemorrhage  by  diapedesis  alone  gives  rise  to  prmctiform  haemorrhages  at  first 
{ecchyriwses  or  petechite),  which,  however,  may  accumulate  and  form  considerable 
hcemorrhagic  infiltrations  of  the  tissue. 

In  tracing  the  fiu-ther  fate  of  the  exiravasated  blood,  no  note  need  be  taken 
of  haemorrhages  which  escape  externally.  When  the  haemorrhage  is  into  the 
stomach  and  intestine,  the  blood  is  altered  by  the  digestive  juices,  and  forms  a 
lirown  substance,  like  coffee-grounds,  in  the  contents  of  the  stomach.  In  haemor- 
rhage into  the  intestine  the  intestinal  contents  are  coloured  broAvnish-red  or 
brownish-black.  A  part  of  the  ])lood  sometimes  coagulates  Avithin  the  cavity 
of  the  uterus,  especially  when  the  uterine  contractions  after  delivery  are  ir- 
regular, and  here  forms  the  so-called  fibrinous  polypi,  generally  known  as  placental 
polypi.  In  other  cases  the  extravasations  into  the  cavities  which  are  lined 
with  mucous  membrane  are  altered  into  dark,  blackish-red  fluids,  which  become 
gradually  decolorised  and  reabsorbed  or  undergo  putrefactive  disintegration. 

Blood  extravasations  in  the  tissues  and  in  the  seroiis  cavities  are  frequently 
dissolved  and  absorbed.  After  solution  a  part  of  the  haemoglobin  diffuses 
through  the  surrounding  tissues,  imparting  to  them  a  bluish-green  colour,  which 
disappears  when  absorption  is  completed.  During  this  process  a  portion  of  the 
haemoglobin  is  frequently  stored  up,  for  a  time,  Avithin  the  lymph  or  Avandering 
cells  as  dark-red  spheres.  The  red  blood  corpuscles  may  also  be  taken  up  by 
the  Avhite  blood  cells  or,  as  is  usually  said,  eaten  up.  A  part  of  the  haemo- 
globin, lastly,  is  changed  in  situ  into  broAvn  pigment — a  process  Avhich  aa^II  be 
described  in  connection  Avith  pigmentation.  In  many  cases  the  transformation 
of  a  portion  of  the  colouring  matter  of  the  blood  into  broAA-n  pigment  changes 


the  originally  bluish-green  colour  in  the  neighbourhood  of  the  blood  extravasa- 
tions into  yelloAA^ 

Large  blood  extravasations  are  sometimes  only  imperfectly  absorbed.  If 
they  are  situated  superficially  in  the  so-called  ha?morrhagic  A'esicles  between 
the  layers  of  the  rete  Malpighi,  they  may  dry  up.  If  deep  in  the  tissues,  either 
they  become  firm  and  hard,  or  even  calcified,  or  they  soften  and,  if  microbes 
are  present,  undergo  secondary  changes.  They  pass  into  a  condition  of  putre- 
factiA^e  disintegration,  or  they  become  liquefied  and  disappear  amongst  the 
})us  Avhich  is  produced  as  a  result  of  the  introduction  of  pyogenic  organisms. 
All  these  and  other  similar  changes  Avhich  the  extravasated  blood  undergoes 
depend  upon  the  conditions  Avhich  the  ncAV  environment  affords  it.  One  of 
these  conditions  Avill  afterAvards  be  more  carefully  considered.  It  may  happen 
that  the  caAaty  AA'hich  contains  the  extravasated  blood  remains  in  direct  connec- 
tion Avith  the  lumen  of  an  artery,  or  an  artery  and  a  A'ein,  but  is  enclosed  on 
all  other  sides  by  non-endothelial  tissues  Avhicli  have  been  pushed  aside  from  their 
original  situation  by  the  extravasation.     In  such  cavities  the  blood  inA'ariably 
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coagulates.  The  cavity,  however,  may  be  looked  upon  as  a  circumscribed 
pathological  dilatation  of  the  arteiial  lumen  and  classed  Avith  the  aneurisms. 
This  is  quite  justifiable,  since  the  wall  of  this  cavity  is  subsequently  thickened  l^y 
new  formation  of  gi'anulation  and  cicatricial  tissues,  and  may  become,  partially 
at  least,  lined  by  endothelium  from  the  vessel.  The  details  of  this  process 
will  be  more  carefully  considered  when  aneurisms  are  described. 

The  changes  in  the  tone  of  the  vessels  which  accompany  great  effusions  of 
blood  externally  or  into  the  large  body  cavities  are  of  especial  interest  for  the 
physician.  Such  haemorrhages  may  cause  death.  The  processes  which  accom- 
pany them  modify  this  danger,  but  involve  further  consequences  which  must  be 
referred  to. 

It  has  been  mentioned  already,  in  the  introduction  to  the  circulatory  disturb- 
ances, that,  according  to  the  researches  of  the  Physiological  Institute  in  Leipzig, 
the  vascular  system  is  able  to  accommodate  itself  to  varying  quantities  of  blood. 
Experiments  on  dogs  and  observations  in  man  show  that  the  arterial  pressure  falls 
very  rapidly  when  large  quantities  of  blood  are  suddenly  withdrawn  from  the 
great  arteries.  They  show  especially,  however,  that  as  soon  as  the  haemorrhage 
ceases,  the  pressure  regains  its  original  height  in  a  short  time,  if  the  loss  of 
blood  has  not  exceeded  certain  limits.  A  similar  condition  may  be  expected 
when  there  is  great  hsemorrhage  from  the  large  venous  trunks.  Experiments 
on  living  animals  have  shown,  at  least,  that  the  pressure  in  the  systemic  arteries 
immediately  falls  if  the  influx  of  blood  to  the  heart  from  one  of  the  great  veins 
is  interrupted.  And,  lastly,  observations  in  human  pathology,  as  Avell  as 
corresponding  experiments  on  animals,  have  proved  that  hsemorrhages  from 
small  arteries  and  veins  do  not  at  first  ;dter  the  pressure  in  the  systemic  arteries 
so  long  as  the  limit  mentioned  above  is  not  exceeded. 

This  limit  for  the  hcemorrhage  within  which  the  pressure  in  the  systemic  arteries,  apart 
from  transient  variations,  remains  constant,  is  readied  when  the  weight  of  the  blood 
withdrawn  is  eqwivalent  to  from  2  to  i  pier  cent  of  the  body  weight  (Lesser).  The  lower 
limit  (2  per  cent)  applies  to  rapid  withdrawal  of  blood,  and  the  higher  limit 
(4r  per  cent)  to  gradual  hiemorrhages.  Here,  also,  dift'erent  individuals  show 
certain  differences  in  their  l^ehaviour.  It  must  therefore  be  remembered  that 
the  figures  given  above  are  only  known  to  hold  good  in  the  case  of  the  dog. 
We  may  apply  them  to  the  human  body,  however,  so  far  as  we  are  justified  in 
doing  so  by  the  results  of  the  clinical  observation  of  the  oligocythsemia  which 
occurs  during  and  after  haemorrhages.  If  it  be  considered  that,  according  to  the 
investigations  of  Bischoff,  Ed.  Weber,  and  Lehmann,  the  total  amoimt  of  blood 
in  man  varies  between  7  and  12  per  cent  of  the  body  weight,  and  on  an 
average  is  equal  to  about  9  per  cent,  it  will  be  seen  that  nearly  one  half  of  the 
normal  volume  of  blood  may  be  lost  by  haemorrhage  without  the  blood-pressure 
in  the  aortic  system  being  permanently  or  considerably  lowered. 

The  regulation  of  the  tone  of  the  vessel  which  accommodates  the  vascular 
system  to  the  varying  amount  of  l^lood  must  first  be  considered.  The  arteries 
of  the  aortic  system  contract  according  to  the  amount  of  blood  Avhich  is  lost,  so 
that  the  normal  blood-pressure  is  preserved.  Associated  with  this  there  is  also 
another  factor  Avhich  acts  in  a  similar  fashion.  Thackrah  first  observed  a  dilution 
of  the  blood  during  venesection,  caused  by  diminution  of  its  cellular  contents, 
and  this  fact  was  subsequently  confirmed  by  Prevost  and  Dumas,  Andral  and 
Garret,  Nasse,  Zimmermann,  and  Vierordt.  When  the  loss  of  blood  takes  place 
rapidly,  this  change  in  the  composition  of  the  blood  occurs  simultaneously  -wath 
the  fall  in  pressure,  as  Lesser  showed.  It  was  therefore  natural  to  assume  that  the 
fall  in  blood-pressure  allowed  a  large  quantity  of  lymph  to  pass  into  the  vascular 
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system.  In  order  to  refute  this  assumption,  Lesser  ligatured  the  large  lymph 
trunks,  and,  notwithstanding  this,  observed  a  diminution  of  the  haemoglobin 
and  an  increase  of  the  amount  of  water  in  the  blood  during  subsequent  vene- 
section. Under  these  circumstances  it  was  most  probable  that,  diu'ing  the 
haemorrhage,  Avatery  fluids  passed  from  the  tissues  through  the  vessel  walls 
into  the  capillaries. 

Lyon,  working  under  my  superintendence,  subsequently  caused  the  hlood  to 
he  toithdrawn  from  the  veins  comparatively  slowly.  Diminution  of  the  cellular 
contents  of  the  blood,  to  the  amount  of  5  to  15  per  cent,  was  demonstrated 
at  a  time  in  which  the  haemorrhage  could  not  possibly  have  influenced  the  blood- 
jiressure  in  the  aorta,  as  it  occurred  so  slowly.  This  brings  us  to  an  important 
point  which  has  hitherto  been  overlooked.  In  extensive  haemorrhages  the  pressure 
in  the  aorta  is  certainly  maintained  at  its  normal  height,  in  consequence  of  the 
contraction  of  the  arterial  channel  brought  about  by  the  regidation  of  the  tone 
of  the  vessels.  It  may  be  supposed,  however,  under  such  circumstances,  that 
the  pressiu-e  in  the  capillaries  falls,  and  that,  in  any  case,  the  capillaries  \\i\\  be 
supplied  by  a  less  amount  of  l)lood  from  the  contracted  arteries.  It  may  also 
be  assumed  that  the  diminution  of  the  blood-pressure  in  the  capillaries,  which 
manifests  itself  in  the  decrease  of  the  turgescence  in  the  tissues,  lessens  the 
filtration  of  the  blood  plasma  through  the  capillary  wall.  The  blood,  therefore, 
loses  less  fluid  through  the  capillaries.  This,  however,  does  not  suffice  to  ex- 
]A.am  the  considerable  diminution  in  the  number  of  corpuscles  contained  in  the 
blood.  It  is  probably  rather  the  process  of  diifusion  and  the  secretory  function 
of  the  vessel  wall  which  act  here. 

As  has  been  said  above,  less  blood  floAvs  through  the  capillaries  in  a 
given  time ;  these  will,  therefore,  have  received  comparatively  large  quantities 
of  water  by  diffusion  from  the  relatively  Avatery  tissues.  In  addition  to 
this  it  is  not  improbable  that,  under  such  circumstances,  the  endothelium  of 
the  capillary  wall  secretes  water  into  the  blood.  It  was  pointed  out  in  the 
introduction  to  the  local  circulatory  disturbances  that  the  first  capillaries  owed 
their  origin  to  the  secretory  activity  of  the  cells  in  the  capillary  walls,  and  that, 
further,  the  tissues  which  surround  the  lumen  of  the  capillaries  determine 
the  amount,  the  rate  of  flow,  and  the  pressure  of  the  blood  within  them,  and 
even  determine  the  action  of  the  heart  and  the  great  vessels.  Haemorrhage 
disturbs  these  relations,  and  it  is  quite  comprehensible  that  the  disturbance 
should  be,  partly  at  least,  compensated  for  by  abnormal  metabolic  processes 
in  the  capillary  endothelium,  by  increased  secretion  of  water  into  the  blood. 

During  the  hoimorrhage  the  composition  of  the  blood,  therefore,  becomes 
altered,  its  plasma  and  water  are  increased.  This  increase  of  the  blood  plasma 
is  mainly  due  to  a  disturbance  of  the  interchange  of  material  between  the  blood 
and  the  tissues,  which  is  carried  out  through  the  capillary  wall.  The  researches 
of  A.  Schmidt  further  show  that  the  coagulability  of  the  blood  is  increased  during 
hcerrmrhage.  We  have  here  one  of  those  adaptations  of  the  organisation  which 
are,  as  a  rule,  so  difficult  to  explain  unless  the  Darwinian  theory  of  adaptation 
be  made  use  of.  In  any  case,  the  increased  coagulability  of  the  blood  favours 
the  occurrence  of  thrombosis,  thus  of  arrest  of  the  hannorrhage.  In  long-continued 
haemorrhage  from  arteries  and  large  veins  the  appearance  of  thrombosis  is 
further  favoured  by  the  fall  in  blood-pressure.  Such  a  fall  in  blood-pressure 
certainly  constitutes  a  great  danger  to  life  from  grave  cerebral  ancemia,  the  most 
important  consequences  of  Avhich  Avere  dealt  Avith  under  local  anaemia.  Ex- 
perience shoAvs,  hoAvever,  that  hemorrhages  Avhich  may  CA'en  produce  uncon- 
sciousness are  frequently  recoA'ered  from  by  healthy  indiA'iduals.     It  is  possible 
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also  to  rapidly  restore  the  blood-pressure,  after  closing  the  bleeding  vessel,  by 
the  infusion  of  carefully  sterilised  salt  solution  into  the  veins.  By  this  means 
the  spontaneous  regeneration  of  the  blood  is  aided,  as  has  been  observed.  In 
long-continued  haemorrhage  the  infusion  of  salt  solution  certainly  seems  to  be 
less  indicated,  since  in  these  cases,  as  may  be  gathered  from  simple  enumera- 
tion, it  greatly  decreases  the  niimber  of  corpuscles.  The  loss  of  l)lood  on  the  one 
hand,  and  the  infusion  of  salt  solution  on  the  other,  may  produce  with  extra- 
ordinary rapidity  so  serious  an  oligocyth£emia  that  this  in  itself  may  be  fatal. 
It  would  appear  that  this  fact,  which  may  be  proved  by  simple  enumeration, 
has  not  always  been  correctly  appreciated.  In  protracted  htemorrhage,  on  the 
other  hand,  according  to  the  iirst  results  of  Lower  and  Denis,  the  transfusion 
of  human  blood  is  indicated. 

The  processes  of  regeneration  of  the  blood  which  occur  after  haemorrhage  have 
been  studied  by  many  investigators.  These  processes,  however,  involve  not 
only  the  fluid  portion  of  the  blood,  but  also  the  blood  cells. 

The  researches  of  Briicke  were  the  first  to  show  that  the  white  cells  of  the 
blood  were  formed  in  the  lymph-glands,  and  Flemming  subsequently  demonstrated 
indirect  nuclear  and  cell  division  Avithin  these  organs.  J.  Arnold  was  the  first 
to  point  out  that  other  forms  of  nuclear  division  also  occurred.  The  same 
formation  of  new  cells  is  seen  in  the  tonsils  (Stohr)  and  in  other  organs  composed 
of  lymphatic  tissue,  as  well  as  in  the  spleen  and  hone-marrow  (Arnold).  The 
newly-formed  Avhite  cells  pass  into  the  blood  in  circulation  by  means  of  the 
lymph-stream. 

The  study  of  the  regeneration  of  the  red  cells  is  one  of  great  difficulty.  In 
the  embryo  the  red  blood  cells  are  formed  by  the  walls  of  the  rudimentary 
capillaries,  according  to  the  investigations  of  Pander,  Von  Baer,  Schwann, 
Reichert,  Remak,  Kolliker,  His,  Klein,  and  others.  I  have  recently  discussed 
this  fact  somewhat  in  detail.  Some  of  the  cells  which  form  the  walls  of  the 
rudimentary  capillaries  are  transformed  into  nucleated  red  blood  corpuscles 
which  finally  mingle  with  the  circulating  fluid.  At  a  more  advanced  age,  on 
the  other  hand,  the  regeneration  of  the  blood  after  hsemorrhages  is  carried  out 
in  the  spleen,  the  hone-marrow,  and  possibly  in  the  liver  also.  The  investigations 
of  Kolliker,  Neumann,  Bizzozero,  Rindfleisch,  and  Salvioli  make  this  very 
probable.  After  haemorrhage  nucleated  red  blood  corpuscles  are  present  in 
these  organs  in  great  number  and  may  be  regarded  as  early  stages  of  the  non- 
nucleated  red  corpuscles. 

The  details  of  the  source  and  formation  of  these  nucleated  red  corpuscles 
are  not,  as  yet,  fully  explained.  Neiimann  is  inclined  to  consider  them  as 
originating  from  the  colourless  lymphoid  cells  of  the  bone-marrow,  but  many 
others  look  upon  the  lumina  of  the  vessels  in  the  bone-marrow  and  the  spleen,  or 
the  walls  of  these  vessels,  as  the  parts  in  which  the  nucleated  corpuscles  are  pro- 
duced. Bizzozero  has  succeeded  in  demonstrating  indirect  nuclear  division  in 
the  nucleated  red  blood  corpuscles  found  by  Neumann,  from  Avhich  it  may  be 
inferred  that  they  can  regenerate  themselves  independently.  After  hsemorrhages 
and  oligocythsemias  of  other  origin  the  nucleated  red  corpuscles  are  not  confined  to 
those  organs  mentioned,  however,  but  are  also  found  in  the  general  circulation. 
They  are  finally  transformed  into  non-nucleated  red  blood  corpuscles. 

The  next  cjuestion  is.  How  long  do  these  regenerative  processes  take  to 
restore  the  blood  to  its  normal  condition  1  Hiinerfauth,  at  my  suggestion, 
and  Buntzen  simultaneously  published  papers  on  this  subject,  which  were 
subsequently  confirmed  by  Lyon.  It  appeared  that  at  the  close  of  long-continued 
haemorrhage,  or  some  hours  later,  the  number  of  the  white  corpuscles  in  the 
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cubic  millimetre  of  blood  increased  until  it  was  far  above  normal,  while  the 
number  of  red  corpuscles  continued  to  diminish.  In  a  cubic  millimetre  of 
normal  blood  there  are  about  5,500,000  red  and  5000  to  10,000  white  corpuscles, 
whereas  immediately  after  great  haemorrhage  there  are  4,000,000  or  5,000,000 
red  and  12,000  to  40,000  white  corpuscles  in  the  cubic  millimetre. 

The  oligocytbsemia  is  still  more  apparent  in  the  course  of  the  first  few 
days  after  a  haemorrhage,  in  consequence  of  the  comparatively  rapid  regener- 
ation of  the  blood  plasma.  During  this  time  thirst  and  hunger  are  verj^ 
marked.  (On  the  battlefield  the  greatest  suffering  is  felt  from  thirst  among 
those  who  are  wounded  and  weak  from  great  loss  of  blood.  Other  causes  are 
present  in  producing  the  condition  in  this  case,  of  course,  such  as  previous 
exertion  and  privations  of  other  kinds.) 

Three  or  four  days  after  serious  haemorrhage,  sometimes  somewhat  sooner 
or  later,  the  number  of  red  cells  contained  in  the  blood  reaches  its  lowest  limit, 
sometimes  as  low  as  2,500,000  in  the  cubic  millimetre.  The  regeneration  of 
the  red  cells  then  begins  and  the  number  of  red  corpuscles  gradually  increases, 
attainins;  the  normal  in  about  two  or  three  weeks  after  the  haemorrhaaie.  The 
number  of  white  cells  in  the  blood  does  not  undergo  such  regular  variation,  the 
leucocytosis  which  was  present  at  first  having  completely  disappeared  in  ten  or 
twelve  days.  

lAjmph<yrrhagia  is  of  much  less  importance  than  haemorrhage.  The  pressure 
to  which  the  lymph  is  exposed  is  so  slight,  that  injured  lymph-vessels  collapse 
as  soon  as  they  have  allowed  the  lymph,  present  in  them  for  the  moment,  to 
escape,  and  then  remain  occluded  by  coagula  of  lymph  or  blood,  until  cicatrisa- 
tion has  taken  place.  When  there  is  dilatation  of  the  lymphatics,  lyinph- 
angiedasis,  or  where  tumours  are  composed  of  wide  lymph -vessels,  protracted 
lymphorrhagia  may  occur. 

Dilated  lymphatics  in  the  superficial  parts  of  the  skin  are  often  injured 
and  opened  by  trifling  wounds.  If  a  free  discharge  of  lymph  is  established,  the 
Avound  does  not  easily  close  and  a  lymph  fistula  is  formed.  The  flow  of  lymph 
keeps  the  neighbouring  surface  moist,  and  excoriations  form  on  the  macerated 
skin.  There  is  always  a  risk  that  pyogenic  organisms  may  penetrate  into  the 
open  lymph-vessels  and  excite  suppuration,  so  that  lymphatic  fistulae  frequently 
require  surgical  interference. 

The  lymphatic  fistulse  which  form  at  dilated  portions  of  the  thoracic  duct  or 
of  the  chyle  vessels  in  the  mesentery  are  equally  worthy  of  note.  In  such  cases 
fluids  rendered  turbid  by  the  presence  of  chyle  pass  into  the  abdominal 
cavity  or  the  thorax  {rhylous  ascites,  chylous  hydrotharax). 
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CHAPTER    IX 

DISTURBANCES    OF   TISSUE   NUTRITION 

The  foundations  of  oui'  knowledge  of  the  disturbances  of  tissue  nutrition  are 
based  upon  the  facts  which  have  been  ascertained  about  the  structure  and 
function  of  cells.  After  Hugo  von  Mohl  and  Schleiden,  in  the  years  1835, 
1838,  had  demonstrated  that  vegetable  cells  multiplied  by  division  and  by  the 
endogenous  formation  of  daughter  cells,  the  points  of  agreement  in  the  structure 
and  growth  of  animals  and  plants  were  shown  by  Job.  Miiller,  Valentin,  Henle, 
and,  especially,  by  Schwann.  Notwithstanding  the  refutation  of  the  theor}' 
of  spontaneous  generation  by  Fr.  Schulze  and  Schwann  by  means  of  most 
important  experiments,  the  theory  of  free  cell  formation  from  unorganised 
fluids  and  blastema  still  prevailed  in  histology.  It  was  supposed  that,  in  the 
first  place,  nuclei  were  formed  by  the  union  of  free  molecules  in  the  fluids  of 
the  animal,  and  even  in  the  intercellular  substance.  Eound  about  these  nuclei 
new  molecules  from  the  vicinity  grouped  themselves,  and  in  this  way  the  cell 
body  was  built  up.  This  theory  appeared  to  be  siDecially  well  demonstrated 
in  those  cases  where  fluids  that  had  exuded  into  the  serous  cavities  of  the 
human  body  were  subsequently  found  permeated  by  strands  of  young  con- 
nective tissue. 

It  was  reserved  for  the  researches  of  Remak  and  R.  Virchow  to  overturn 
tlie  humoral-pathological  theory  by  the  proof  that,  in  new  formation  of  tissue, 
there  was  first  of  all  a  multiplication  of  cells,  and  subsequently  a  formation  of 
intercellular  substance.  Remak's  researches  were  made  chiefly  on  developing 
embryos.  Virchow,  on  the  other  hand,  extended  his  observations  to  all  normal 
and  pathological  tissue  structures.  He  thus  arrived  at  the  now  classical 
paraphrase  of  the  old  law  of  Spallanzani,  mentioned  in  the  introduction  to 
the  infections,  namely,  Omnis  cellula  a  cellula.  This  law  has  been  universally 
substantiated  as  regards  all  normal  and  pathological  tissues  both  by  Virchovv's 
own  works  and  by  those  of  numerous  other  investigators. 

F.  Arnold,  Dujardin,  Max  Schultze  have  shown  that,  speaking  generally, 
animal  cells  have  no  separable  membrane.  The  cells  consist  of  protoplasm 
and  nuclei  and,  sometimes  also,  nucleoli.  In  addition,  most  cells  secrete  an 
intercellular  substance.  The  great  interest,  however,  which  is  attached  to  the 
cells  arises  from  the  supposition  that  to  a  certain  extent  they  form  the  centre 
for  the  metabolism  of  their  intercellular  substance. 

Virchow  has  described  the  functions  of  the  cells  as  luitrition,  new  formation, 
and  function.  Nutrition  is  manifested,  firstly,  by  growth  and  increase  in  size 
in  the  cell  body  and,  under  certain  circumstances,  by  the  secretion  of  an 
intercellular  substance,  and  secondly,  by  loss  of  bulk  and  diminution  of  the  cell 
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body  and  any  intercellular  substance  present.  New  formation  is  manifested  by 
cell  multiplication — that  is,  reproduction.  Function  may  be  described  as  the 
activity  of  the  cells  which  they  exercise  in  the  service  of  the  organism  as 
a  whole. 

These  three  properties  of  the  cell — nutrition,  new  formation,  and  function 
— are,  as  R.  Virchow  showed,  mutually  dependent  upon  each  other.  Some 
aspects  of  this  relation  may,  at  present,  be  discussed  from  a  general  stand- 
point. Nutrition,  reproduction,  and  functional  activity  are  manifestations 
which  are  due  to  chemical  changes  in  the  body  of  the  cell ;  to  the  trans- 
formation of  chemical  energy,  supplied  by  the  nutrition,  into  other  forms  of 
energy.  The  law  of  the  conservation  of  energy  is  thereby  fulfilled. 
Functional  activity  and  reproduction  appear  to  be  dependent  upon  nutrition. 
It  is  well  known  to  pathologists  and  physiologists,  however,  that  nutrition 
and  reproduction  are  dependent  within  certain  limits  upon  functional  activity. 
With  increase  in  function  the  nutrition  and  reproduction  also  increase  so  that 
cells  and  tissues  grow  in  volume,  or  new  cells  and  new  intercellular  substances 
are  formed.  Vice  versa,  a  diminution  of  function  causes  loss  of  bulk  in  the 
tissue,  while  the  formation  of  new  tissue  ceases  and  the  nutrition  of  the 
existing  tissue  is  impaired.  The  question  how  far  nutrition  and  function 
are  dependent  upon  reproduction  leads,  however,  when  followed  further,  to  the 
deeper  question.  How  is  the  organism  formed  1  Are  its  origin  and  cell  forma- 
tion to  be  regarded  mainly  as  processes  which  can  exist  independently  in  the 
sense  that  nutrition  and  function  appear  as  dependent  values  ?  If  it  be 
allowed  that  irritation  arising  from  wdthout  can  directly  stimulate  the  cells  to 
proliferation,  the  corresponding  changes  in  nutrition  and  function  may  also,  in 
such  cases,  be  regarded  as  the  result  of  disturbances  of  reproduction.  Whether 
this  really  does  take  place  cannot  at  present  be  finally  proved. 

As  the  result  of  various  disturbances  in  the  normal  course  of  the  three 
forms  of  energy  in  the  cells,  the  phenomena  of  diminution  and  disintegration 
of  the  tissue  on  the  one  hand,  and  of  abnormal  growth  and  abnormal  new 
formation  of  tissue  on  the  other,  are  observed  by  pathologists.  These  two 
series  of  processes  ought,  therefore,  to  be  described  together  as  retrogressive  and 
progressive  tissue  changes. 


A.  Retrogressive  Changes  in  the  Tissues 

I.  Death  and  Necrosis 

Death  (mors),  the  end  of  individual  life,  is  practically  first  recognised  by 
the  cessation  of  the  function  of  the  various  systems.  Eespiration  usually 
ceases  first,  then  the  pulse,  the  activity  of  the  nervous  system,  and  the  other 
organs.  The  skin  becomes  pale.  The  lustre  of  the  eye  soon  disappears,  and 
then  the  body  becomes  cold ;  the  latter,  in  some  cases,  after  previous  ante- 
mortem  or  post-mortem  increase  of  temperature  (as  in  tetanus  and  other  acute 
infections). 

In  from  four  to  tw^enty-four  hours  after  death,  sometimes  earlier,  j^ost- 
moiiem  rigidity  sets  in.  This  is  due  to  coagulation  of  the  myosin  in  the 
contents  of  the  sarcolemma  of  the  muscles  (W.  Kiihne),  by  which  the  muscles 
become  firm  and  hard,  so  that  they  oppose  great  resistance  to  passive 
movement;  the  eyeball  becomes  lax;  hypostasis  develops,  producing  livid 
discoloration  and  marked  congestion  in  the  deeper  parts  of  the  skin  and  sub- 
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cutaneous  cellular  tissue,  the  muscles,  lungs,  abdominal  viscera,  and  other  organs, 
and  in  the  spinal  cord  also,  if  the  body  is  lying  on  its  back.  Some  hours  afteJr 
death  the  blood  coagulates.  The  time  at  which  this  takes  place  varies  greatly, 
according  to  the  individual  and  the  manner  of  death.  It  sets  in  very  early  if 
the  coagulability  of  the  blood  is  increased  by  previous  hasmorrhages  or  other 
causes.  It  is  greatly  delayed  if  the  coagulability  of  the  blood  is  diminished 
from  accumulation  of  carbonic  acid  in  the  blood,  for  instance. 

Finally,  about  twenty -four  hours  after  death,  signs  of  decomposition 
become  apparent,  first  by  greenish  discoloration  of  the  abdominal  walls,  later 
by  widespread  green  and  reddish-brown  discolorations  of  the  skin  and  internal 
organs,  by  the  formation  of  gas,  loosening  and  separation  of  the  epidermis,  and 
by  other  more  extensive  changes.  It  can  be  easily  understood  that  these 
putrefactive  phenomena  appear  earlier  and  proceed  more  rapidly  Avhen  septic  or 
other  general  infections  are  present,  in  which  case  the  microbes  which  produce 
putrefaction  may  have  been  widely  distributed  throughout  the  body  before 
death. 

All  these  facts,  however,  do  not  show  us  any  fixed  line  between  life  and 
death.  The  functions  of  the  organs  disappear  with  their  life.  Life  and  death, 
therefore,  merge  insensibly  into  each  other,  in  so  far  as  there  are  no  anatomical, 
histological,  physical,  or  chemical  changes  in  the  component  parts  of  the 
body  which  can  without  question  be  said  to  be  produced  by  death. 

There  are  many  external  influences  Avhich  must  inevitably  cause  death. 
Should  a  man  be  torn  into  small  pieces  by  machinery  or  an  explosion  he  is 
legally  dead ;  but,  under  certain  circumstances,  however,  the  individual  parts 
continue  for  some  time  to  show  unmistakable  signs  of  life,  so  that  they  may 
survive  the  organism  as  a  whole.  In  blood  which  has  been  shed,  leucocytes 
are  still  found  which  manifest  amoeboid  movement.  A  piece  of  muscle  or  a 
nerve  may  perhaps  still  retain  its  excitability  and  respond  to  stimuli,  just  as 
it  did  during  the  life  of  the  individual.  These  phenomena  must  come  to  an 
end,  however,  although  the  length  of  time  they  persist  may  vary  greatly. 
Under  the  microscope  leucocytes  have  been  seen  to  move  for  a  whole  day. 
Finally,  these  vital  phenomena  cease,  and  then  there  is  a  varying  interval 
during  which  no  further  changes  can  be  pointed  out.  The  next  changes  are  to 
be  regarded  as  ])ost-mortem,  as  the  result  of  commencing  disintegration  of  the 
tissue.  The  exact  moment  of  the  death  of  the  tissue  has  not  been  manifest  in 
this  case ;  but,  notAvithstanding  this  fact,  differences  of  an  essential  nature 
must  be  supposed  to  exist  between  the  living  and  the  dead  state.  These, 
however,  will  only  be  understood  when  the  nature  of  the  vital  process  has 
become  known. 

The  subject  of  apjjarent  death  belongs  to  clinical  medicine,  but  it  must  be 
included  here,  in  so  far  as  it  shows  changes  in  the  course  of  the  physiological 
functions  which  can  only  be  thoroughly  discussed  in  connection  with  the 
foregoing  disturbances.  In  apparent  death  the  functions  of  the  organs  are,  as 
a  rule,  maintained.  Respiration  and  circulation,  especially,  go  on,  although  in 
a  very  slight,  scarcely  perceptible  fashion.  Consciousness  even  may  be 
preserved,  but  the  muscles  are  still  and  immobile,  either  relaxed  or  rigidly 
contracted.  The  condition  of  apparent  death  is  certainly  very  rare.  It  is 
sometimes  observed  in  cases  of  cholera,  in  cataleptic  conditions,  in  hysteria,  after 
difficult  labours,  after  long  starvation  or  haemorrhages,  as  the  result  of  severe 
shocks,  after  inhalation  of  irrespirable  gases,  after  hanging,  strangulation,  or  long 
submersion  in  water,  and  lastl)^,  in  the  newly-born  child  as  the  result  of 
asphyxia  from  prolapse  of  the  cord  and  other  abnormalities  in  child-birth. 
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Local  tissiie  death  or  necrosis  may  be  considered  in  the  same  way  as  general 
death.  Separate  parts  of  the  body  may  die  without  necessarily  producing 
death  of  the  rest  of  the  body  or  of  the  whole  individual.  This  is,  of  course, 
due  to  the  fact  that  many  organs  and  portions  of  organs  in  the  body  are  not 
absolutely  necessary  for  the  maintenance  of  the  life  of  the  individual,  while 
others  are  indispensable. 

Many  external  influences  produce  changes  in  the  tissues,  by  caustic  action, 
by  crushing,  etc.,  which  may  be  looked  upon  as  cause  of  the  local  death  of 
tissue  and,  at  the  same  time,  are  evidence  of  its  occurrence.  If  the  skin  be 
touched  with  a  red-hot  iron,  it  becomes  charred  to  a  certain  extent.  The 
charring  is  at  once  the  cause  of  the  local  death  of  tissue  and  complete  proof 
that  that  area  of  skin  can  no  longer  be  called  living.  Charring,  cauterisation,  and 
crushing,  therefore,  depend  essentially  upon  the  nature  of  the  destructive  force 
which  is  acting.  They  show  no  alterations,  however,  which  would  explain  the 
essential  differences  between  the  living  and  the  dead  condition  of  an  area  of 
tissue.  What  this  difference  is  due  to  is  not  accurately  known.  JFe  cannot 
specify  any  changes  in  the  condition  of  the  tissues,  capaUe  of  anatomical,  physical,  or 
chemical  demonstration,  which  might  explain  the  nature  of  local  or  general  death. 
Here  we  have  an  unanswered  question.  We  only  know  those  changes  in  the 
condition  of  the  tissues  which  are  consequent  upon  local  or  general  death. 
Even  the  nuclear  death,  described  by  JFeigert,  does  not  coincide,  in  jmnt  of  time,  with 
the  moment  of  death,  but  appears  as  post-mortem  or  post-necrotic  changes  in  the 
condition  of  the  cell  nuclei. 

Commencing  decomposition  of  the  tissue,  in  certain  cases,  prevents  the  cell 
nuclei  taking  on  the  usual  nuclear  stains,  and,  at  length,  causes  their  disappear- 
ance. For  such  a  process  the  name  nuclear  death  is  misleading.  If  the  post- 
inoi'tem  and  post-necrotic  disintegrating  processes  be  interrupted  immediately 
after  putrefaction  has  distinctly  begun,  and  the  tissues  be  rapidly  hardened  in 
alcohol,  the  staining  capacity  of  the  nucleus  is  well  preserved.  Our  collections 
of  microscopic  preparations  of  dead  tissues  Avhich  have  been  stained  and  mounted 
in  Canada  balsam,  distinctly  show  that  an  individual  or  a  portion  of  tissue  may 
die  without  a  single  cell  nucleus  throughout  the  entire  body  losing  its  capacity 
for  staining. 

Neither  has  the  so-called  nuclear  death  any  necessary  connection  Avith 
coagulation  of  fibrin  or  the  coagulation  of  the  albuminoid  bodies  contained  in 
the  cells.  In  recent  blood  coagula  the  leucocytes  are  generally  in  good 
condition.  The  persistence  of  their  amoeboid  movement  shows  that,  in 
spite  of  the  coagulation  of  fibrin  which  has  taken  place,  they  still  have  the 
properties  of  living  cells,  and  their  nuclei  stain  easily  with  all  the  nuclear 
stains.  Boiling,  alcohol,  etc.,  may  also  cause  the  albumen  of  the  cells  to 
coagulate,  but  the  cells  do  not  thereby  lose  their  capacity  for  staining.  On  the 
contrary,  the  nuclei  actually  stain  more  easily  after  being  acted  on  by  alcohol  and 
other  chemical  bodies  which  produce  coagulation,  than  in  the  living  condition. 
It  would,  therefore,  appear  to  be  more  appropriate  to  use  the  word  dis- 
appearance, instead  of  death  of  the  nuclei,  as  has  already,  in  many  instances, 
become  customary. 

Disappearance  of  the  nuclei,  however,  is  a  somewhat  more  comprehensive 
term  than  nuclear  death.  As  a  matter  of  fact,  disappearance  of  the  nuclei  is 
observed  even  in  li^-ing  cells,  the  red  blood  cells,  for  instance,  which  are 
originally  nucleated,  but  afterwards  lose  their  nuclei.  IFlien  discipipiearance  of 
the  nuclei  occurs  in  combination  with  genercd  or  local  death,  it  is,  however,  alway 
associated  with  post-mmiem  or  post-necrotic  changes  of  the  component  parts  of  the  tissue, 
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with  clouding  of  the  cell  protoplasm  or  intercellular  substance,  with  increased 
translucency  and  hyaline  changes  of  the  tissues,  or  with  liquefaction  and  other 
physical,  chemical,  and  histological  deviations  from  the  normal  ante-mmtem  con- 
dition. After  some  time,  the  fo&t-mortem  and  post-necrotic  changes  become 
more  distinctly  visible  to  the  naked  eye  also.  They  run  their  course,  however, 
in  very  different  fashions,  according  to  the  conditions  under  which  the  necrotic 
portion  is  placed.  If  the  necrotic  piece  of  tissue  is  exposed  to  external  influences, 
gangrene  develops  after  the  necrosis.  Similar  changes  are  sometimes  observed 
when  there  is  death  of  deeply  situated  tissues,  which  are  removed  from  external 
influences,  but  are  infected  with  putrefactive  microbes.  If,  however,  the 
necrotic  tissue  is  removed  from  external  influences  and  the  action  of  putre- 
factive microbes,  other  changes  develop.  Those  are  caseation,  hyaline  degeneration, 
liquefaction,  atheromatous  softening,  and  calcification.  The  action  of  microbes  is 
by  no  means  excluded  in  these  cases ;  in  caseation  it  may  even  be  directly 
demonstrated  in  many  cases.  The  saprophytes  or  simple  putrefactive  microbes 
are  absent,  however.  It  may  also  be  mentioned  that  the  last-named  varieties  of 
retrogressive  tissue  changes  are  partly  present  in  living  tissue  also,  although 
under  special  conditions  which  will  afterwards  be  examined  more  fully. 
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II.  Gangrene,  Mortification 

A  distinction  is  made  between  dry  and  moist  gangrene  (gangrcena  sicca 
and  gangrcena  humida). 

In  dry  gangrene  the  tissues  become  dense  and  hard,  brown  or  brownish- 
black  (mummification).  Great  evaporation  is  the  most  important  condition  for 
the  occurrence  of  this  post-necrotic  change. 

Only  superficially  situated  necrotic  parts  of  the  body  become  mummified, 
and  this  occurs  especially  in  elderly  people,  whose  tissues  have  relatively  little 
water,  and  in  lean,  emaciated  individuals.  A  thick  panniculus  adiposus  appears 
to  make  desiccation  more  difficult.  Separation  of  the  epithelium  seems  to 
favour  evaporation. 

Moist  gangrene  is  due  to  a  putrefaction  of  necrosed  portions  of  the  body. 
Here,  also,  green,  brown,  and  brownish-black  discolorations  of  the  tissues  are 
present,  with  softening  and  liquefaction.  The  parts  have  a  very  foatid  odour ; 
vesicles  containing  combustible  gases  also  frequently  form  in  the  necrotic  tissue, 
such  as  hydrogen,  marsh-gas,  and  others,  producing  putrefactive  emphysema, 
emphysematous  gangrene.  When  palpated,  the  tissues  may  produce  a  crackling 
noise. 

Splmcelus,  or  cold  mortification,  and  gangrene,  or  hot  mmiification,  have  also 
been  distinguished.  This  distinction  is,  however,  not  quite  appropriate,  in  so 
far  as  it  is  not  the  gangrenous  parts  which  produce  the  high  temperature. 
Local  hyperiBmias  frequently  precede  local  necrosis,  hoAvever,  and  cause  local 
elevation  of  temperature,  especially  when  the  gangrene  is  produced  by  infections. 
In  other  cases,  the  temperature  of  small  necrotic  areas,  or  larger,  flat,  extensive 
gangrenous  parts  may  be  greatly  raised  by  the  hypersemia  in  the  vicinity. 
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The  factors  which  produce  necrosis,  with  consequent,  moist,  or  dry  gangrene, 
are  very  numerous.     The  most  important  are  : — 


1. 
2. 
3. 

4. 
5. 


Extremes  of  temperature,  freezing,  severe  scalds,  and  burns. 

Local  action  of  caustic  chemical  agents.     Caustics. 

General  toxic  conditions.     Ergotism. 

Infections. 

Load  pressure,  giving  rise  to  ansemia. 

6.  Angiosclerosis. 

7.  Nerve  lesions. 

Among  the  many  infective  poisons  which  give  rise  to  more  or  less  extensive 
necrosis,  the  principal  are  the  bacillus  oedematis  maligni  and  bacillus  emphyse- 
matis  maligni  already  described,  which  seem  to  be  present  in  the  soil  as 
anaerobic  saprophytes.     They  obtain  access  to  the  body  through  injuries  inflicted 


Fic.  246. — Dry  gangrene  produced  by  frost-bite  on  the  foot  of  a  woman  of  twenty-five.    Comiiienciug  line  of 

demarcation. 


by  agricultural  machines  and  other  like  accidents.  They  give  rise  to  progressive 
emphysematous  gangrene  ("  gas  gangrene").  From  the  wound  they  rapidly  extend 
into  other  areas  of  the  tissue,  in  which  they  cause  extensive  sero-hsemorrhagic 
exudations  and  emphysema.  The  tissues  in  the  neighbourhood  become  greatly 
swollen  and  of  a  doughy  consistence,  similar  to  that  found  in  osdematous  con- 
ditions, while  on  palpation  the  finger  elicits  the  crackling  produced  by  the  gas 
vesicles,  as  they  are  compressed  and  displaced.  Local  death  of  tissue  follows 
rapidly,  producing  green,  gangrenous  discoloration.  The  progress  of  the  disease 
is  very  rapid.  In  twelve  to  twenty-four  hours  after  the  first  appearance  of  the 
small  green  discolorations  in  the  injured  area  of  the  skin,  the  swelling,  discolora- 
tion, and  the  formation  of  bullae  containing  gas  have  extended  over  the  whole  of 
an  extremity,  or  over  the  greater  part  of  the  trunk,  and,  in  a  short  time,  the 
patient  succumbs  to  general  blood-poisoning  (intoxication).  By  careless  treat- 
ment the  infection  may  be  conveyed  by  doctors  and  nurses  from  one  patient 
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to  another.  This  is  one  of  the  forms  of  hospital  gangrene,  which  finds  its 
victims  in  overcrowded  poorhouses  and  hospitals.  As  Chiari  has  shown, 
emphysematous  gangrene  after  infection  by  the  bacterium  coli  commune  takes 
the  same  course. 

Pressure  gangrene  or  decubitus  has  ah^eady  been  mentioned  in  dealing  with 
hypostasis.  External  pressure  on  individual  parts  may  narrow  the  capillaries, 
and  if  continued  sufficiently  long,  may  give  rise  to  necrosis  by  interrupting  the 
supply  of  blood  and  thus  arresting  local  metabolism.  Lowering  of  the  blood- 
pressure  and  consequent  hypostasis,  of  course,  favour  the  occurrence  of  com- 
pression of  the  capillaries.  The  chief  point,  however,  is  that  patients  Avho  are 
seriously  ill  alter  their  position  in  bed  very  little,  and  thus  some  parts  of  the 
skin  are  constantly  pressed  upon  and  constantly  anaamic.  The  necrosis,  there- 
fore, develops  chiefly  in  the  skin  and  soft  parts  covering  the  prominent  portions 
of  the  skeleton  which  support  the  body — or  the  sacrum,  the  shoulder-blades, 
great  trochanters,  condyles  of  the  femur,  malleoli,  and  on  other  similar  parts. 
Emaciation  favours  the  occurrence  of  necrosis,  by  limiting  the  pressure  of  the 
Aveight  of  the  body  to  smaller  areas  of  skin,  while  a  well-developed  panniculus 
adiposus  acts  like  a  cushion  and  distributes  the  pressure,  thus  lessening  the 
amount  on  each  individual  skin  area.  The  necrotic  portions  are  generally 
attacked  by  putrefaction — that  is,  by  moist  gangrene.  In  patients  Avho  are 
much  exhausted  this  leads  readily  to  general  septic  intoxications  and  infections 
which  are  usually  fatal.  It  is  often  difficult  for  the  physician  to  prevent  bed-sores, 
but  by  doing  so,  he  may  frequently  have  an  opportunity  of  saving  life.  It  is 
particularly  necessary  that  the  position  of  the  patient  be  properly  changed. 
Those  parts  of  the  skin  which  are  exposed  to  the  pressure  of  the  weight  of  the 
body  may,  at  any  time,  become  anaemic  if  this  pressure  be  not  equally  dis- 
tributed over  large  areas  by  special  precautionary  measures.  Experience  shows, 
however,  that  skin,  muscle,  and  fatty  tissue  may  have  their  blood-supply  cut  off 
for  hours  together  without  necrosing.  Change  of  the  position  of  the  body  in 
bed  should  therefore  be  sufficient  to  obviate  bed-sores,  unless  disturbances  of  the 
vaso-motor  or  trophic  innervation  aggravate  the  condition. 

On  the  surface  of  the  mucous  membranes  of  the  mouth,  larynx,  and  other 
parts,  as  Avell  as  in  the  deep  portions  of  the  parenchyma  of  organs,  pressure 
necrosis  may  occur.  The  description  of  these  must,  however,  be  deferred  to 
the  special  part  of  this  work. 

The  forms  of  gangrene  connected  uitli  disease  of  the  vessels,  which  mainly  involve 
the  extremities,  are  of  great  imj^ortance. 

It  is  clear,  in  the  first  place,  that  multiple  emboli  or  extensive  thrombosis 
of  the  arteries  or  veins  in  any  part  of  the  body  interfere  with  its  nutrition  and 
result  in  gangrene,  if  the  necrosed  part  is  exposed  to  the  action  of  the  air,  or, 
at  least,  to  the  attacks  of  putrefactive  microbes.  Constriction  of  the  limbs  by 
tight  bandages  and  other  similarly  acting  causes  have  a  like  result,  since  they 
produce  a  continued  inteiTuption  of  the  circulation. 

Experience  has  shown,  hoAvever,  that  in  many  cases  a  simple  embolus  or 
ligature  of  the  main  artery  of  an  extremity  leads  to  necrosis  and  subsequent 
gangrene,  whereas,  if  the  vessels  had  been  perfectly  healthy,  Ave  should  have 
expected  simply  the  development  of  collateral  circulation.  The  question 
immediately  arises,  whether  pathological  conditions  of  the  arteries  may  not 
contribute  to  the  occurrence  of  srangrene.  The  observations  of  the  older 
physicians  haA^e  throA\m  much  light  on  this  point.  It  AA^as  found  that,  in 
amputations  of  gangrenous  limbs,  Avhere  the  incision  Avas  made  in  living  tissue, 
the  arteries  did  not  spout,  or  did  so  only  very  slightly,  but  Avere  converted 
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into  firm  cords.  Laennec,  Dupuytren,  and  Cruveilhier,  therefore,  tried  to  ex- 
plain the  condition  by  the  assumption  of  an  acute  or  chronic  inflammation  of 
the  arteries.  Histological  investigation,  however,  only  shows  angiosclerosis, 
with  and  without  thrombosis  and  embolism. 

Virchow  has  already  drawn  attention  to  this  fact.  He  found  that  the 
artery  was  very  commonly  diseased  throughout  a  large  extent,  here  sclerosed, 
there  atheromatous  or  calcified,  sometimes  also  dilated.  He  could  not,  however, 
accept  these  changes  as  sufficient  cause  for  the  gangrene,  since,  even  in  very 
extreme  sclerosis,  gangrene  did  not  always  occur.  He  directed  attention 
to  the  condition  of  the  heart.  When  the  gangrene  developed  in  elderly 
individuals,  the  heart  proved  to  be  atrophic  or  fatty.  We  are  quite  justified 
in  inferring  from  these  facts  that  the  heart  is  functionally  weak,  and  therefore 
cannot  properly  nourish  the  remote  vascular  areas  of  the  extremities. 

Skagg,  Savory,  Jasche,  and  Burow  have,  however,  observed  analogous 
forms  of  gangrene  in  younger  individuals,  between  twenty-two  and  forty  years 
of  age,  whose  hearts  did  not  show  any  noticeable  changes.  Therefore,  after 
Friedliinder  thought  he  had  discovered  a  special  form  of  arterial  disease  in 
obliterative  endarteritis,  Billroth  and  Winiwarter  tried  to  demonstrate  that  this 
obliterative  endarteritis  was  also  the  cause  of  spontaneous  gangrene  of  the 
extremities  both  in  young  and  in  old  subjects. 

This  view  cannot,  howev^er,  be  regarded  as  proved.  E.  Weiss,  who  tested 
the  investigations  of  Winiwarter  on  suitable  cases  here  in  Dorpat,  and  con- 
firmed his  discoveries  on  all  essential  points,  showed  that  these  Avere  to  be 
referred  to  a  high  degree  of  arterial  sclerosis  of  the  larger  and  smaller  arteries, 
with  consecpient  thrombosis  and  replacement  of  the  thrombus  by  connective 
tissue.  What  Winiwarter  and  Billi'oth  regard  as  the  product  of  an  obliterative 
endarteritis  or  an  inflammation  is  a  thrombus  replaced  by  connective  tissue. 
This,  as  I  am  fully  convinced,  can  be  distinctly  seen  by  a  comparison  of 
Weiss's  preparations  and  Winiwarter's  drawings. 

It  is  probable  that  the  old  "  organised  "  thrombus,  in  the  case  described  by 
Weiss,  formed  in  a  vessel  with  a  high  degree  of  arteriosclerosis,  might  be  the 
cause  of  local  tissue  death  and  gangrene.  Thromboses  are  observed  throughout 
all  parts  of  the  vascular  system,  however ;  they,  therefore,  cannot  explain  why 
spontaneous  gangrene  should  select  the  peripheral  parts  of  the  extremities  in  such 
a  marked  fashion.  The  researches  of  Sack,  Mehnert  and  Bregmann,  undertaken 
at  my  suggestion,  have  demonstrated  that  arteriosclerosis  selects,  in  a  most 
remarkable  way,  the  arteries  and  veins  of  the  leg  and  foot,  the  fore-arm  and 
hand.  If  one  adds  to  this  that  angiosclerosis  appears  between  the  thirtieth 
and  the  fortieth  years,  sometimes  considerably  earlier,  and  goes  on  increasing 
more  and  more  during  the  remaining  period  of  life,  it  can  be  understood  why 
spontaneous  gangrene  preferably  attacks  the  terminal  portions  of  the  ex- 
tremities, and  is  found  comparatively  frequently  in  elderly  individuals  (senile 
gangrene),  but  without  being  limited  to  old  age. 

The  rheumatoid  pains  which  often  precede  the  appearance  of  gangrene  for 
many  years,  may  further  be  cited  in  support  of  the  dependence  of  these  forms 
of  gangrene  upon  angiosclerosis.  All  cases  of  arterial  sclerosis  are  not  accom- 
panied by  marked  pain  in  the  limbs,  but  still  these  rheumatoid  pains  are 
very  frequently  associated  with  arteriosclerosis  and  phlebosclerosis,  which, 
together  with  the  associated  diseases  of  the  capillaries,  make  up  angio- 
sclerosis. These  pains  are  certainly  generally  ascribed  to  so-called 
rheumatism  in  the  fasciae,  in  tendons,  and  even  in  muscles.  No  histo- 
logical changes  are  found,  however,  in  these  parts,  and  on  the  other  hand 
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the  veins  and  arteries  are  more  or  less  distinctly  sclerosed.  The  facts  which  I 
have  established  relative  to  the  nerve-endings  in  the  vessel  Avail,  the  Pacinian 
bodies,  acute  aortitis,  localisation  of  diftuse  arteriosclerosis  and  phlebo- 
sclerosis,  supra-orbital  neuralgia,  hemicrania,  and  arteriosclerotic  aneurism, 
show  that  the  arterial  wall  may  be  the  seat  of  very  acute  pain,  that  arterio- 
sclerosis sometimes  begins  and  runs  its  course  with  great  pain,  and  that  it  is 
related  to  neuralgias  and  vaso-motor  distm-bances.  Angiosclerotic  pain  is  one 
of  the  most  important  symptoms  of  angiosclerosis,  even  although  it  frequently 
bears  the  name  of  rheumatic  pain.  These  views  of  mine,  founded  on  combined 
anatomical  and  clinical  investigations,  and  more  fully  explained  in  my  lectiu'es, 
have  been  supported  and  confirmed  by  the  interesting  clinical  observations  of 
Zoege  V.  Manteuffel,  who  also  suggested  the  work  of  AVeiss.  I  must  defer  a 
more  minute  account  of  this  and  of  the  theory  of  rheumatism  to  a  later  occa- 
sion, and  beg,  in  this  connection,  to  be  allowed  to  refer  to  the  consideration 
of  arterio-  and  phlebo-sclerosis  in  the  special  part  of  this  work. 

On  the  strength  of  this  explanation,  we  can,  with  greater  right  than  before, 
describe  angiosclerotic  gangrene  as  a  special  form  of  gangrene.  AYe  must  agree 
with  Virchow,  however,  when  he  maintains  that  disease  of  the  arteries  alone  is 
no  sufficient  explanation  for  the  occiu-rence  of  gangi-ene.  High  degrees  of 
sclerosis  of  the  arteries  of  the  hand  and  foot  are  only  too  common.  Gangi'ene, 
on  the  other  hand,  is  a  comparatively  rare  disease.  There  can  be  no  doubt 
that  the  rigid  wall  and  very  tortuous  course  of  highly  sclerosed  arteries  offer 
considerable  resistance  to  the  blood-stream.  These  changes  alone  would  not 
easih"  produce  gangrene,  however,  since,  at  first,  the  lumen  of  the  vessel  is  not 
diminished  bv  sclerosis.  We  must  rather  assume  that  further  events  embarrass 
the  circulation.  These  may  be  accidental  or  in  immediate  relation  to  the 
arteriosclerosis. 

Among  the  accidental  causes  which  seem  to  have  a  tendency  to  produce 
necrosis  and  gangrene  when  a  high  degree  of  arteriosclerosis  is  already  present, 
we  may  mention,  in  the  first  place,  slight  injuries  which  would  be  insignificant 
under  other  circumstances.  Those  are  frequently  said  to  be  the  starting- 
point  of  so-called  spontaneous  gangrene.  In  consequence  of  slight  contamina- 
tion of  the  wound,  hypera?mias  and  serous  exudations  occur  in  its  neighbour- 
hood, causing  marked  swelling.  The  redness  spreads  further,  assumes  a  dark 
purple  colour,  and  the  tissues  iDecome  insensitive  to  external  injuries,  although 
the  patient  still  has  violent  pain  in  the  anaesthetic  area  (the  pain  arising  from 
the  nerve-trunks).  The  epidermis  becomes  raised  by  an  accumulation  of  sero- 
ha?morrhagic  exudation  in  the  lower  layers  of  the  rete  Malpighi  (gangi^enous 
vesicles).  The  tissues  show  small  black  and  greenish  spots.  The  disease 
advances  rapidly  in  consequence  of  the  deficient  supply  of  blood,  and  large 
portions  of  the  extremities  are  overtaken  by  local  necrosis  and  gangrene.  Low 
temperatures  act  in  a  similar  fashion,  the  tissues  yielding  to  a  relativehj  slight 
degree  of  cold. 

Angiosclerosis,  however,  contains  in  itself  conditions  which  tend  consider- 
ably to  disturb  the  circulation  of  the  blood.  It  may  happen  that  the  sclerosed 
arterial  wall  is  attacked  by  lujaline  degeneration  or  atheromatous  softening.  These 
appearances  are  the  direct  consequences  of  arteriosclerosis.  In  hyaline  de- 
generation or  atheromatous  softening,  the  vessel  wall  swells  up  and  projects  into 
the  lumen.  The  latter  is  thus  narrowed.  The  diseased  condition  of  the 
arteries  also  hinders  the  development  of  a  collateral  circulation,  so  that,  under 
certain  circumstances,  some  parts  of  the  peripheral  area  supj^lied  by  them  are 
deprived  of  their  blood-supply  and  become  gangrenous. 
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The  gangrene  caused  by  embolic  occlusions  and  thromboses  of  the  peripheral 
arteries,  when  the  coexistent  arteriosclerosis  is  extreme,  is  due  to  a  similar 
cause.  The  emboli  are  often  derived  from  thrombi  which  have  formed  on 
the  sclerosed  or  atheromatous  aorta,  or  on  the  valves  of  the  heart.  Thromliosis 
may  occur  in  the  same  way  in  the  arteries  of  the  diseased  extremities,  although 
thrombosis  here  may  have  only  occurred  secondarily,  by  extension  of  the 
coagulation  in  the  arteries  of  the  gangrenous  part.  In  any  case,  thrombi, 
whether  embolic  and  impacted,  or  occurring  in  situ  in  the  sclerosed  extremities, 
form  an  exceedingly  serious  complication  which,  in  certain  cases,  must  certainly 
be  regarded  as  the  cause  of  the  necrosis  and  gangi'ene  Avhich  have  appeared. 

Lastly,  it  should  be  noted  that  the  diseases  of  the  peripheral  capiillaries 
which  accompany  arteriosclerosis  may  be  of  some  importance.  These 
capillary  diseases,  already  mentioned  under  cedema,  occur  chiefly  in  the 
terminal  portions  of  the  extremities  and  manifest  themselves  by  increased  per- 
meability of  the  vessel  wall,  and  frec|uently  also  by  increase  of  the  frictional 
resistance  to  the  blood -stream.  The  latter  is  subjected  to  a  delay  Avhich  is 
also  apparent  in  the  arteries  and  gives  rise  to  formation  of  new  connective 
tissue  Avithin  their  intima.  The  lumen  of  the  arteries  is  therefore  narrowed. 
All  these  disturbances  result  in  a  less  copious  supply  of  blood  to  the  terminal 
portions  of  the  extremities.  The  thickening  of  the  arterial  wall  by  sclerotic 
connective  tissue  impairs  the  tone  of  the  vessel  wall,  and,  at  the  same  time, 
hinders  the  development  of  reactive  circulatory  changes  after  the  occurrence 
of  external  injiu'ies.  The  imperfectly  nourished  tissues  are  therefore  less  able 
to  resist  trifling  external  influences,  such  as  injury,  pressure,  or  cold,  and  are 
therefore  more  liable  to  gangrene. 

The  lessened  power  of  resistance  of  the  tissues  towards  external  influences 
is,  at  present,  usually  ascribed  to  disturbances  of  trophic  innervation  (Samuel, 
Charcot,  Erb).  In  the  special  part  of  this  work,  in  the  consideration  of  the 
diseases  of  the  vessels,  attention  will  be  drawn  to  the  fact  that  the  peculiar 
localisation  of  arteriosclerosis  in  the  terminal  portions  of  the  extremities  is 
dependent  upon  disturbances  of  the  tone  and  vaso-motor  innervation  of  the  arterial 
■wall.  At  present,  however,  it  appears  desirable  to  describe  some  further 
varieties  of  local  death  of  tissue  which  are  supposed  to  be  distinctly  dependent 
upon  disturbances  of  trophic  innervation. 

Among  these,  si/mmetrical  gangrene  may  be  mentioned  first.  It  very 
frequently  involves  the  terminal  joints  of  both  hands  or  both  feet.  Less 
frequently  it  is  observed  in  the  ears,  the  cheeks,  or  the  nose.  These  are  parts  of 
the  body  which  are  exposed  to  great  variation  of  temperature,  and  are  therefore 
subjected  to  considerable  changes  in  the  vaso-motor  innervation.  The  relations 
of  the  latter  to  arteriosclerosis  have  just  been  mentioned.  It  therefore 
appears  to  me  not  improbable  that  many  cases  of  this  kind  must  be  classed  as 
arteriosclerotic  gangrene,  amongst  others  the  case  of  a  washerwoman,  observed 
by  Dehio,  which  I  had  an  opportunity  of  seeing.  The  symmetrical  appear- 
ance of  the  gangrene  is  simply  explained  by  the  fact  that  arteriosclerosis 
invariably  occurs  symmetrically.  It  may  be  relatively  greatly  developed  in 
the  hands  of  a  washerwoman,  whose  calling  necessitates  the  exposure  of  hei- 
hands  to  very  frequent  and  marked  changes  of  temperature.  The  view,  that 
symmetrical  gangrene  may  be  the  result  of  a  lesion  of  trophic  nerves,  is, 
however,  supported  by  the  ascertained  fact  that  this  form  of  gangrene  develops 
in  parts  of  the  body  which  had  previously  been  somewhat  abnormal,  had  been 
painful,  easily  rendered  anaemic  or  bluish-red  when  chilled,  and  manifested 
other  disturbances.     These,  however,  are  phenomena  which  need  not  necessarily 
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be  referred  to  disturbances  of  trojihic  innervation,  but  may  perfectly  M'ell  be 
the  result  of  local  disease  of  the  vessels  also  (Raynaud's  disease). 

The  comparatively  frequent  occm^rence  of  gangrene  from  pressure,  the  decuhitus 
of  spinal  cm'd  disease,  is  not  necessarily  connected  M-ith  disturbances  of  the 
trophic  innervation,  although  at  present  this  is  the  generally  accepted  explana- 
tion. In  the  first  place,  the  want  of  movement  of  the  parts  of  the  body, 
brought  about  by  the  spinal  lesion  in  those  diseases,  is  of  great  importance,  as 
\^  Recklinghausen  proved.  The  result  of  the  absence  of  movement  is  that  the 
soft  parts  on  which  the  weiglit  of  the  body  rests  for  a  relatively  long  time, 
become  anaemic  from  pressure.  They  therefore  necrose  and  are  attacked  by 
gangi'ene.  The  gangi*ene  is  limited,  therefore,  to  the  soft  portions  covering  the 
bony  prominences  in  the  dependent  parts  of  the  body,  the  shoulder-blades, 
sacrum,  trochanters,  malleoli,  etc.  It  is  scarcely  possible,  however,  to  avoid 
pressure  gangrene  by  frequent  change  of  position,  when  there  is  interruption  of 
nerve  conduction  in  the  spinal  cord.  This,  undoubtedly,  partly  depends  upon  the 
fact  that  the  choice  of  position  becomes  very  limited.  Frequent  change  of 
position,  however,  combined  with  other  precautions  in  nursing,  is  sufficient 
to  avert  the  occurrence  of  decubitus  in  other  diseases.  In  transverse 
crushing  or  other  severe  injury  to  the  spinal  cord  there  must,  therefore,  be 
some  other  peculiarity  in  the  condition  of  the  tissue.  Some  have  foimd  this 
in  disturbances  of  trophic  innervation.  It  would  also  be  possible  to  attribute 
it  to  disturbances  of  the  vaso-motor  innervation,  all  the  more  because  this 
can  be  directly  demonstrated  in  most  cases. 

This  applies  most  especially  to  the  acute  decubitus  which  sets  in  with  great 
rapidity  in  a  few  days  after  a  severe  injury  to  the  spine,  transverse  crushing 
of  the  spinal  column,  for  instance,  and  which,  according  to  Charcot's  views,  is 
not  always  associated  Avith  previous  pressure  on  the  parts.  Erb,  who  certainly 
regards  the  disturbance  as  tropho-neurotic,  describes  the  onset  of  the  gangrene 
in  the  Iollo^nng  words  : — "  On  a  portion  of  skin  exposed  to  pressure  or  to  some 
irritation  or  other  (sometimes,  however,  Avithout  any  such  cause),  erythematous 
spots  appear  which  soon  become  covered  Avith  vesicles  and  bullas,  the  contents 
of  which  are  at  first  clear,  but  rapidly  become  red  or  browTi.  Under  favourable 
conditions  these  vesicles  may  dry  up  and  recovery  ensue  AAnthout  further 
disturbance.  Usually,  however,  this  is  not  the  case.  The  A^esicles  break  and 
leave  unhealthy  ulcerations  behind,  the  floor  of  which  is  formed  by  inflamed 
skin,  Avith  ha?morrhagic,  and  generally  also  phlegmonous  infiltration.  The 
floor  of  the  ulcer  necroses  and  becomes  gangrenous,  and  as  the  inflammation 
tends  to  spread  over  an  increasing  area,  the  gangrenous  destruction  adA^ances 
more  and  more  deeply,  laying  bare  tendons,  fascige,  ligaments,  and  bones."  In 
this  description  the  disturbance  of  A^aso-motor  innerA^ation  is  obAdous  enough 
as  the  starting-point  of  the  disease,  as  also  is  the  abnormal  course  of  the  re- 
actiA^e  circulatory  disturbance  after  the  primary  loss  of  epithelium  has  occurred. 
Suppuration  and  gangrene,  hoAvever,  indicate  the  subsequent  co-operation  of 
living  infective  agents  Avhich  spread  comparatively  easily  in  tissues  injured  by 
serious  circulatory  disturbances. 

In  chronic  decuhitus  also,  A\'hich  accompanies  protracted  diseases  of  the  spinal 
cord,  the  vaso-motor  disturbance  is  verj^  noticeable,  even  although  the  gangrene 
in  this  case  is  more  definitely  confined  to  the  area  of  skin  AA^hich  is  exposed  to 
external  pressure.  The  disturbances  of  the  vaso-motor  innervation  must  also 
be  given  a  more  prominent  part  in  the  explanation  of  leprous  mutilations 
and  perforating  ulcer  of  the  foot. 

In  leprous  affections  of  the  nerves  complete  sensory' paralysis  is  observed  in  the 
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area  supplied  by  their  peripheral  branches.  Sometimes  deep  ulceration  and 
necrosis  after wai"ds  occur  which  lead  ultimately  to  the  sloughing  off  of  small 
or  large  terminal  joints,  and  thus  give  rise  to  mutilation.  The  sensory  paralysis 
is  often  responsible  for  this,  since  patients  sometimes  expose  their  anaesthetic 
limbs  in  a  most  thoughtless  fashion  to  serious  external  injury — heat,  frost,  or 
traumatism.  Ulceration,  gangrene,  and  mutilation  are  thus  merely  consequences 
of  the  injuries.  From  the  beginning,  however,  they  assume  a  serious  char- 
acter, since  the  leprous  parts  of  the  body  offer  only  slight  resistance  to  the 
advancing  disintegration  of  tissue.  This  is  partly  due  to  the  dense  cell  infiltra- 
tion and  to  the  presence  of  innumerable  lepra  bacilli,  but  no  doubt  also  in  part 
to  disturbance  of  innervation.  This  disturbance  appears  not  only  as  a  sensory 
paralysis,  but  also  as  a  vaso-motor  disturbance  which  manifests  itself  in  the  red 
and  brownish-red  margin  of  the  anresthetic  areas  of  skin,  in  diffuse  erythemata, 
in  anaemic  spots  on  the  skin,  and  finally,  in  the  imperfect  development  of  the 
circulatory  reaction  in  the  floors  of  ulcers  and  in  Avounds. 

Perforating  ulcer  of  the  foot  agrees  in  many  respects  Avith  these  lesions.  The 
skin,  in  these  cases,  breaks  down  at  the  parts  which  are  specially  exposed  to 
the  pressure  of  the  weight  of  the  body  in  standing  and  Avalking.  An  ulcer  is 
formed,  covered  by  granulations  Avhich  discharge  offensive  pus  and  continue  to 
extend  deeper.  In  the  first  place,  the  sheaths  of  the  tendons  are  opened  and 
the  suppuration  thus  spreads  far  Avithin  the  soft  parts  of  the  foot.  The  bones 
are  then  gradually  exposed  and  undergo  necrosis.  In  many  cases  gangrenous 
disintegration  is  associated  Avith  the  further  spread  of  the  suppuration  into  the 
soft  parts  of  the  sole  of  the  foot.  This  is  manifested  by  the  usual  green 
discoloration.  The  characteristic  features  of  the  disease,  hoAvever,  are  the 
sloAv  but  uninterrupted  progress  of  the  ulceration,  as  Avell  as  the  imperfect 
formation  of  a  proper  circulatory  reaction,  Avhich  favours  the  further  progress 
of  suppuration  and  putrefaction.  In  a  few  cases,  injuries  to  which  the  anaes- 
thesia Avas  due  could  be  demonstrated  at  the  same  time  in  the  nerves  of  the  part. 
In  other  cases  the  anaesthesia  seemed  to  have  been  the  result  of  degenerative 
processes  in  the  nerves.  In  any  case,  sclerosis  of  the  arteries  of  the  leg  and 
foot  is  also  responsible,  since  it,  as  much  as  the  nerve  lesions,  renders  the 
tissues  less  resistant  toward  such  destructive  processes. 

Lastly,  gangrene  from  ergotism  Avill  be  briefly  discussed.  The  disease  of 
grain,  called  ergot  of  rye,  is  common  enough.  The  poison  of  the  ergot,  hoAv- 
ever,  loses  a  great  part  of  its  activity  if  stored  for  a  long  time,  and,  therefore, 
gangrene  from  ergot-poisoning  develops,  as  a  rule,  after  a  year  of  famine,  Avhich 
forces  the  peasant  to  convert  the  neAv  harvest  directly  into  bread.  Gangrene 
is  then  comparatively  common.  The  death  of  the  tissue  is  preceded  by  sensory 
and  vaso-motor  disturbances,  formication,  pain,  anaesthesia.  At  first  the  skin 
becomes  pale,  then  it  reddens ;  vesicles  and  jDUstules  appear ;  and  finally,  local 
death  of  tissue  or  gangrene  sets  in,  again  mainly  affecting  indiAdduals  at  an 
adA^anced  age,  and  in  them  the  terminal  portions  of  the  extremities.  It 
appears  from  the  experiments  of  Kobert,  Avho  Avas  able  to  produce  gangrene  of 
the  comb  and  point  of  the  tongue  in  cocks  by  administering  preparations  of  ergot, 
that  in  gangrene  from  ergotism,  pre-existing  arterial  sclerosis  of  the  extremities 
can  only  be  regarded  as  a  cause  Avhich  predisposes  to  the  occurrence  of  local 
death  of  tissue.  The  symptoms  observed  in  man  indicate  that  the  poison  of 
ergot  gives  rise  to  marked  and  persistent  contraction  of  the  small  arteries,  thus 
causing  local  anaemias  which  bring  on  gangrene. 

For  gangrene  of  the  lungs,  and  many  other  forms  of  gangrene,  reference 
must  be  made  to   the   special   pathological   anatomy.      In  the  description  of 
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healing  wounds,    the    process   of    limitation,    demarcation,    and    separation   of 
gangrenous  parts  will  be  considered. 
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III.  Caseation 

By  caseation  or  caseous  degeneration  we  understand  the  transformation  of  a 
tissue  into  a  substance  which  greatly  resembles  hard  or  soft  cheese,  both  to  the 
naked  eye  and  under  the  microscope.  Under  the  microscope  caseated  tissue 
appears  as  a  finely  or  coarsely  granular  mass  which  has  more  or  less  completely 
lost  the  original  structure  of  the  tissue  (Fig.  247).  The  nuclei  of  the  cells 
have  disappeared  or  lost  their  power  of  staining.  Little  or  nothing  can  be 
recognised  of  the  fibres  of  the  tissue. 

Yirchow  explained  this  change  as  a  finely  granular  degeneration  of  the 
tissue    into   albuminous   and    fatty  molecules   with   subsequent    thickening — 

Weigert  drew  attention  to  the  fact  that  although  caseous  areas  of  tissue 
usually  become  dense  and  hard,  they  do  not,  however,  diminish  in  bulk,  as 
would  be  required  by  Yirchow's  theory.  Caseation  ought,  therefore,  to  be 
regarded  as  a  necrosis,  associated  with  coagulation  of  the  albumen — coagula- 
tion necrosis.  The  coagulation  involves  the  albumen  of  the  cells  and  the  fibrin- 
containing  fluid  which  transudes  into  the  caseous  area  from  the  neighboiurhood. 
Besides  the  coagulation  of  the  albuminoid  part  of  the  cells,  death  of  the 
nucleus  occiu's,  as  shown  by  the  fact  that  the  nuclei  lose  their  capacity  of 
taking  on  and  retaining  the  usual  nuclear  stains. 

It  has  already  been  mentioned  that  the  phenomenon  of  death  or  disappear- 
ance of  the  nuclei  appears  under  the  most  varying  conditions,  even  in  simple 
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putrefaction,  so  that  the  disappearance  of  the  nuclei  is  not  distinctive  of  the 
process  of  caseation.  The  theory  of  coagulative  necrosis,  however,  Avhich  is 
also  concerned  in  a  number  of  very  different  pathological  processes,  is  founded 
upon  the  attempt  to  deduce  chemical  processes  in  the  tissue  from  changes  in 
its  histological  structure.  Such  attempts  are  by  no  means  unjustified.  On 
the  contrary,  if  histology  and  physiological  and  pathological  chemistry  are  to 
be  mutually  beneficial  and  to  reach  their  common  aim,  those  conclusions  Avhich 
unite  the  boundaries  of  the  two  sciences  are  necessary  and  unavoidable. 
They  must,  however,  be  carefully  examined  and  demonstrated. 

The  chemical  composition  of  caseous  tissue  has  not  as  yet  been  closdy  investigated, 
and  we  are  therefore  not  in  a  position  to  define  clearly  the  chemical  nature  of 
the  process  of  caseation.  The  presence  of  small  quantities  of  fat  droplets  in 
the    caseous    area    has    been    successfully    demonstrated    microscopically    and 
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Fig.  247. — Marginal  area  of  a  caseous  focus  of  the  size  of  a  liazel-uut,  occurring  in  tlie  liver  as  the  result  of 
syphilis,  o,  Caseous  mass  ;  b,  surrounding  cicatricial  tissue  ;  c,  zone  of  granulation  tissue ;  (/,  liver  tissue 
infiltrated  with  newly^fornied  connective  tissue,     x  17. 


chemically.  The  main  body  of  the  caseous  area  is,  however,  evidently  formed 
of  albumen  and  its  derivatives.  Among  those  some  coagulated  fibrin  is  also 
occasionally  found,  as  was  shown  by  Weigert  by  a  special  method  of  staining. 
There  is  only  a  limited  quantity  of  fibrin  present,  however,  according  to 
Weigert's  views,  and  it  is  very  often  absent  altogether,  so  that  it  cannot  be 
regarded  as  an  essential  constituent  of  the  caseous  focus.  As  regards  the 
other  albuminous  bodies,  no  reasons  can  at  present  be  given  in  support  of  the 
view  that  a  coagulation  takes  place.  Further  investigations  are  therefore 
urgently  required  to  support  the  theory  of  coagulative  necrosis. 

With  regard  to  the  process  of  caseation,  however,  some  further  results  of 
investigation  must  be  mentioned. 

Caseation  is  very  probably  a  change  in  the  tissues,  consequent  on  their  local  death. 
This  is  fairly  conclusively  proved  with  regard  to  the  white  infarctions  which 
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occur  after  embolic  occlusion  of  the  arterial  branches  in  the  kidney.  After 
decolorisation  of  hsemorrhagic  embolic  infarcts  also,  a  substance  is  found  in  the 
place  of  the  original  tissue  Avhich  has  all  the  properties  of  a  caseous  nodule. 
In  these  cases  the  nutrition  of  a  definite  area  of  tissue  is  first  interrupted 
by  the  occlusion  of  the  afferent  artery,  and  it  is  only  after  some  time  that 
caseation  appears. 

The  caseation  observed  in  tubercular  and  syphilitic  foci  of  disease  and  in 
some  tumours  may  also  A^th  some  probability  be  regarded  as  the  result  of 
local  death  of  the  tissue.  It  appears  that,  in  many  cases,  the  great  new 
formation  of  cells  increases  the  pressure  in  some  parts  of  the  tissue  to  such  a 
degree  that  the  circulation  of  the  blood  and  tissue  fluid  is  interrupted  and 
local  death  produced.  In  tubercular  foci  of  disease  there  are,  in  addition,  the 
injurious  etiects  of  the  metabolic  products  of  the  tubercle  bacilli.  These  seem 
to  kill  such  areas  of  tissue  as  are  poorl}'  nourished,  and  also  to  influence  the 
further  course  of  the  processes  of  disintegration  which  ensue.  In  fact,  it 
would  seem  that  the  tubercular  caseous  foci  show  special  peculiarities  as 
regards  their  chemical  composition,  which  are  directly  dependent  upon  the 
metabolism  of  the  tubercle  bacilli. 

Sneaking  generally,  caseation  of  the  tissues  agrees  in  many  points  icith  the 
processes  of  disintegration  which  set  in  when  fresh  tissues  are  enclosed  aseptically 
within  carefully  sterilised  tubes  and  preserved  at  body  temperature  (37°  C.)  In  this 
experiment  disintegration  of  the  albumen  also  occurs,  although  the  action  of 
microbes  is  excluded.  The  nuclei  lose  their  staining  power,  while  the  tissues 
assume  a  more  or  less  granular  appearance  and  lose  a  great  part  of  their 
original  structure  (Hauser,  Ivraus,  Goldmann,  Arnheim).  The  chemical 
changes  are  apparenth?^  chiefly  the  formation  of  peptones  and  hemi-albumens  ;  or, 
in  other  words,  breaking  up  of  the  albuminous  bodies  of  the  tissues  into  their 
most  closely  related  decomposition  products,  those  being  still  albuminoid. 

It  cannot  be  assumed,  however,  that  processes  of  disintegration  carried  out 
in  aseptic  portions  of  tissue,  and  the  processes  of  caseation  are  exactly  similar, 
since  in  the  first  case  the  bulk  of  the  tissue  diminishes,  while  in  caseation  it 
usually  increases.  jSTecrosed  areas  of  tissue  which  are  surrounded  on  all  sides 
by  living  tissue  are  not,  however,  isolated  in  the  same  way  as  pieces  of  tissue 
shut  up  in  a  glass  tube. 

Albuminous  fluids  and  wandering  cells  from  the  living  tissues  2^6netrate  the 
necrosed  area  and  are  there  also  broken  ^ip.  This  process,  upon  which  Weigert 
laid  special  stress,  may  occur  in  all  caseations.  In  the  caseation  which  appears 
in  embolic  white  and  decolorised  infarcts,  it  is  seen  that  this  supply  of  new 
material  is  brought  by  the  blood-vessels,  as  was  explained  in  detail  in  the 
description  of  anfemic  necrosis.  It  is  observed  in  this  connection  that,  in  the 
kidney,  the  new  material  brought  into  the  necrosed  portion  of  tissue  is  some- 
what limited  by  the  tension  of  the  resistant  capsu.le,  and  that,  accordingly, 
caseation  is  incomplete  and  the  original  structure  of  the  necrosed  area  is  not 
completely  lost.  In  caseation  of  firm  cicatricial  masses  too,  which  offer  great 
resistance  to  the  entrance  of  streams  of  fluid,  a  large  part  of  the  original 
fibrous  texture  is  preserved.  On  the  other  hand,  the  finely  gi-anular  products 
of  disintegration  and  the  disappearance  of  the  original  tissue  structure  appear 
to  be  very  complete  in  the  embolic  areas  of  the  spleen,  into  which  gi'eat 
quantities  of  blood  penetrate  from  the  neighbouring  tissues  after  interruption 
of  the  arterial  supply. 

The  passage  of  fluid  and  cells  into  caseating  tissue  does  not  prevent  the  distribution, 
by  some  form  of  diffusion,  of  many  substances  from  the  necrosed  into  the  living  tissue 
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in  the  neiglihourhood.  In  this  respect,  Virchow's  theory  of  inspissation  suggests 
a  factor  worthy  of  consideration.  It  may  be  that  the  hard  or  soft  consist- 
ence of  the  caseous  area  is  dependent,  to  a  great  extent,  upon  a  more  or  less 
considerable  loss  of  water,  and,  with  the  water,  many  other  substances  in 
solution  may  find  their  way  out  of  the  necrosed  tissue  into  the  neighbourhood. 

Caseation  is  the  combined  result  of  local  disintegration  of  the  tissues  and  the 
exchange  of  material  just  described.  This  comliined  result  could  hardly  be 
exactly  the  same  in  all  situations  and  under  all  circumstances.  Not  only  does 
the  consistence  of  the  caseous  masses  undergo  manifold  change,  but  their 
power  of  taking  on  the  usual  stains  used  in  histological  investigations  shows 
many  variations,  although  these  are  trifling,  as  a  rule. 

The  completely  formed  caseous  mass  is  not  itself  an  unalterable  body. 
Tubercle  bacilli  and  other  microbes  which  may  happen  to  be  enclosed  within 
it  may  gradually  change  its  composition.  In  addition  to  this,  the  caseous  areas 
are  in  continual  intercommunication  with  their  surroundings.  They  may 
afterwards  become  softened  and  licpiefied,  or  impregnated  with  lime-salts  and 
converted  into  hard  calcareous  masses  to  a  greater  or  less  extent.  In  con- 
clusion, it  not  infrequently  happens  that  caseous  areas  subsequently  become 
smaller  by  the  gradual  absorption  of  their  marginal  zones  by  neighbouring 
tissues.  Blood-vessels  and  cellular  tissue  and,  subsequently,  cicatricial  tissue 
are  formed  in  these  marginal  zones. 
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IV.  Hyaline  Degenerations 

It  has  been  mentioned  that  necrotic  pieces  of  tissue  which  are  preserved 
from  the  action  of  external  air  and  putrefactive  microljes  by  their  protected 
situations  in  the  deeper  parts  of  the  body  undergo  various  degenerative 
processes.  Of  these,  caseation  has  just  been  descril^ed.  In  other  cases, 
hyaline  degeneration  occurs  under  similar  conditions,  and  the  dead  portion  of 
tissue  is  transformed  into  an  apparently  homogeneous,  transparent,  or  translucent 
substance.  It  must  be  added  that  the  occurrence  of  hyaline  degeneration  is  not 
always  associated  with  previous  necrosis  of  the  tissues. 

Three  forms  of  hyaline  degeneration  can  be  differentiated. 

In  simple  hyaline  degeneration,  a  hyaline  substance  consisting  of  albuminoid 
bodies  is  formed,  distinguished  by  a  relatively  firm  consistence. 

In  mucoid  degeneration,  the  degenerative  product  is  also  homogeneous,  but 
of  mucoid  consistence  and,  as  a  rule,  rich  in  mucin. 

Amyloid  degeneration  is  distinguished  by  the  occurrence  of  a  peculiar 
hyaline  substance  which  stains  intensely  brown  with  iodine  and  becomes 
blue-green  or  black  on  the  addition  of  iodine  and  sulphuric  acid,  in  the  same 
way  as  starch. 
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The  firm  hyaline  substance,  amyloid,  which  occurs  in  amyloid  degeneration, 
is  a  nitrogenous  albuminoid  body,  and  is  more  definitely  characterised,  chemi- 
cally, by  its  reaction  with  iodine  than  are  the  products  of  simple  hyaline  and 
mucoid  degeneration.  The  mucin  which  occurs  in  the  latter  can  sometimes 
only  be  demonstrated  by  accurate  chemical  tests,  and  in  simple  hyaline 
degeneration  albuminoid  bodies  of  very  varying  composition  undoubtedly 
occur,  which  are  only  alike  in  their  physical  property  of  transparency. 


1.  Simple  Hyaline  Degeneration 
The  product  of  simple  hyaline  degeneration,  often  called  briefly  hyaline  or 


Fig.  24S. — Femoral  artery,  a,  lutima  thickened  by  diffuse  connective  tissue  ;  h,  internal  elastic  lamina, 
ruptured  in  many  places ;  c,  tunica  muscularis  ;  d,  external  elastic  lamina ;  e,  adventitia.  At  one  part 
the  media  is  bulged  out  and  thinned.  In  the  bulging  portion  there  is  a  circumscribed  connective  tissue 
thickening  of  the  intima,  showing  partial  hyaline  degeneration  which  appear.s  almost  homogeneous,     x  12. 

colluid,  looked  at  Avith  the  naked  eye  or  microscope  is  either  homogeneous,  or 
consists  of  spheres,  laminae,  or  reticular  which  show  no  definite  structure.  It 
is  distinguished  from  mucus  by  its  firmer  consistence,  and  from  amyloid  by 
the  absence  of  the  iodine  reaction. 

In  many  cases,  simple  hyaline  degeneration  occurs  as  a  change  consequent 
on  local  death  of  tissue.  As  an  example  of  such  an  occurrence,  the  hyaline 
degeneration  of  the  connective  tissue  of  sclerotic  arteries  may  he  cited.  If  the  muscular 
coat  of  the  arteries  loses  its  elasticity  at  any  point,  it  is  bulged  outwards  by 
the  pressure  of  the  blood  and  a  circumscribed  dilatation  of  the  lumen  of  the 
artery  takes  place.  If  this  be  not  too  extensive,  it  is  filled  up  again,  in  the 
course  of  a  few  months,  by  connective  tissue  thickening,  so  that  the  lumen  of 
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the  vessel  appears  at  first  almost  to  regain  its  normal  circular  form.  The 
jnelding  of  the  vessel  walls  is  progressive,  however.  The  connective  tissue 
formed  in  the  intima  becomes  very  much  stretched  until,  finally,  a  certain  por- 
tion of  it  dies.  The  dead  tissue  loses  its  structure,  becomes  homogeneous,  and  the 
nuclei  and  cells  vanish.  The  hyaline  degenerated  tissue  has,  in  the  meantime, 
become  fairly  firm  and  hard,  although  the  degeneration  is  associated  with  an 
increase  in  volume,  probably  from  absorption  of  Avater.  The  swollen  area  of 
hyaline  degeneration  projects  into  the  lumen  of  the  vessel  and  appears  on  its 
inner  surface  as  a  prominent  elevation  or  protuberance  (Fig.  248). 

Similar  simple  hyaline  degenerations  occur  in  smaller  arteries  and  capillaries 
(Wedl,  L.  Meyer,  Lubimoft',  Neelsen,  Thoma,  and  Wieger).     The  origin  of  the 
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Fig.  240. — LjTnph-gland  with  hyaline  degeneration,  x  300. 


disease  here  may  partly  be  the  same  as  in  the  case  of  the  larger  arteries,  but 
some  other  unknown  causes  may  also  take  part.  This  applies  especially  to  the 
peculiar  degeneration  of  the  capillaries  of  the  lymph-glands  which  v.  Reckling- 
hausen discovered  and  Wieger  described.  Fig.  249  represents  such  a  condition. 
Only  a  few  unaltered  lymphoid  cells  are  left  of  the  gland  substance.  The 
main  part  of  the  greatly  enlarged  gland  is  either  caseated  or  transformed  into 
irregular  hyaline  masses.  In  the  latter,  numerous  blood-vessels  with  thick 
hyaline  walls  may  be  seen,  in  which  the  lumen  is  narrowed  but  still  easily 
demonstral)le,  and,  in  addition  to  these,  there  are  irregularly-rounded  hyaline 
bodies  representing  transverse  sections  of  Axssels  the  lumen  of  which  has 
been  obliterated  by  the  swelling  of  the  hyaline  substance. 

Hyaline  degeneration  has  already  been  mentioned  among  the  secondary 
changes  in  thrombosis.  The  investigations  of  Langhans  and  v.  Recklinghausen 
especially  have  directed  attention  to  the  frequent  occiurence  of  these  hyaline 
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thrombi.  In  this  case,  also,  local  death  of  tissue,  and  death  of  the  cellular 
elements  of  the  blood,  precede  the  hyaline  change.  Coagulation  of  the  blood, 
however,  is  no  proof  that  it  is  dead.  Chemical  decomposition  of  an  animal 
fluid  by  no  means  gives  us  the  right  to  speak  of  death  or  necrosis,  not  even 
when  this  decomposition  is  different  from  the  decompositions  which  we  have 
already  learned  to  recognise  as  physiological,  i.e.  pertaining  to  the  living 
condition  of  the  tissue.  Defibrinated  blood — that  is,  blood  which  has  already 
been  coagulated,  but  freed  from  the  fil)rin  formed  in  it — has  been  successfully 
transfused  into  the  blood-vessels  of  living  human  beings  who  have  lost  much 
blood  by  haemorrhage.  The  transfused  blood  resumed  its  usual  function. 
If  the  processes  be  carefully  carried  out,  no  disturbances  take  place,  as  a  rule, 
unless  the  blood  of  very  different  animals  be  used.  In  this  case,  the  transfused 
red  blood  corpuscles  break  down  and  haemoglobin  appears  in  the  urine  (Prevost 
and  Dumas,  Ponfick,  Landois).  If,  however,  transfusion  be  confined  to  one 
genus  or  species  of  animal,  its  dangers  are  comparatively  slight.  Worm-Miiller 
and  Lesser  were  even  able  to  withdraw  a  considerable  proportion  of  blood, 
experimentally,  from  the  veins  of  an  animal,  defibrinate  it,  and  inject  it  into 
the  arteries  again,  without  causing  the  animal's  death.  Histologically,  too,  the 
red  cells  show  no  demonstrable  alteration  after  gentle  defibrination,  and  in 
coagulated  blood  the  amoeboid  movement  of  the  white  cells  persists  for  a  very 
long  time. 

I  draw  attention  to  all  these  facts  in  order  to  show  on  what  insufficient 
grounds  the  theory  of  coagulative  necrosis,  Avhich  has  been  so  readily  accepted, 
is  based.  We  have  no  good  reason  for  calling  coagulated  blood  dead.  On  the 
other  hand,  when  the  cellular  elements  of  the  blood  are  enclosed  in  a  large 
clot,  they  are  placed  under  conditions  which  interfere  vnih.  their  nutrition  and 
bring  about  their  death,  and  after  death  degeneration  and  hyaline  changes  take 
place.  There  is  no  doubt  that,  according  to  the  researches  of  v.  Recklinghausen, 
hyaline  degeneration  of  a  thrombus  and  the  formation  of  emboli  by  pieces  de- 
tached from  such  thrombi  occur  frequently.  Still  it  seems  to  me  that  substances 
which  have  been  artificially  produced  have  been  mistaken  for  such  hyaline  thrombi. 
In  many  methods  of  artificial  hardening,  to  which  the  tissues  are  subjected  in  order 
to  prepare  them  for  microscopic  sections,  many  of  the  red  blood  corpuscles  in 
the  vessels  are  dissolved  if  only  a  small  c[uantity  of  the  hardening  medium 
penetrates  the  tissue.  Thus,  for  instance,  dilute  alcohol  is  an  excellent  solvent 
for  red  blood  cells  and  haemoglobin.  In  the  first  stage  of  hardening  by  alcohol, 
therefore,  so  long  as  only  a  small  amount  of  alcohol  has  penetrated  the  tissues, 
solution  of  the  red  blood  corpuscles  very  readily  takes  place.  Afterwards,  when 
the  amount  of  alcohol  in  the  tissue  has  increased,  the  dissolved  htemoglobin  is 
thrown  down  again  in  crystals,  or  in  the  form  of  red  hyaline  masses. 

Hyaline  substance  is  also  found  as  hyaline  cylinders  (hyaline  tube-casts)  in  the 
tubules  of  the  kidney,  in  the  xu'inary  passages  leading  from  them,  and  in  urine 
in  renal  disease,  and  under  certain  circumstances  also  in  urine  from  appar- 
ently healthy  kidneys  after  great  exertion.  They  are  homogeneous,  some- 
times laminated  cylindrical  structures.  The  different  layers  are  somewhat 
unequally  refractile  or  of  various  shades  of  yellow  (Fig.  250).  Opinions  are 
widely  at  variance  as  regards  the  formation  of  these  casts,  which  are  very 
common  and  often  very  abundant.  At  first  they  were  held  to  be  a  coagulated 
fibrinous  exudation  or  a  hj^aline  transformation  of  such  exudation.  The  possi- 
bility was  then  entertained  that  their  formation  was  due  to  a  process  of 
secretion  or  to  a  hyaline  change  in  the  cells.  It  must  be  kept  in  mind,  how- 
ever, that,  speaking  generally,  there  are  various  kinds  of  hyaline  tube -casts 
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which  differ  in  the  mode  of  their  formation.  In  my  opinion,  many  of  the 
tube  -  casts  which  subsequently  become  homogeneous  are  made  up  of  the 
hyaline  droplets  which  proceed  from  the  epithelial  cells  of  the  convoluted 
tubules.  Colberg  was  the  first  to  describe  the  separation  of  hyaline  droplets 
from  the  epithelial  cells  of  the  convoluted  tubules,  and  v.  Recklinghausen 
pointed  out  their  relation  to  the  formation  of  tube -casts  (Fig.  251).  This 
explanation  can  only  hold  good  for  some  of  the  cases,  however,  as  hyaline  casts 
also  occur  in  contracted  kidneys,  where  the  epithelium  shows  no  such  hyaline 
droplets.  After  I  had  discovered  that  the  glomeruli  of  contracted  kidneys 
allowed  gelatine  and  cinnabar  granules  to  pass  from  the  loops  of  the  vessels  into 
the  space  below  the  capsule,  Posner  demonstrated  the  presence  of  deposits  of 
albumen  in  the  glomeruli  in  diseased  kidneys  which  had  been  hardened  either 
by  boiling  or  by  alcohol.  It  may  therefore  be  assumed  that  the  albumen 
which  so  frequently  occurs  in  the  urine  from  diseased  kidneys  comes  from  the 
glomeruli.      It  might  be  concluded  from  the  researches  of  Rovida  that  a  portion 


Fig.  250.— Hyaline  tube-casts  in  two  collecting 
tubules  from  a  medullary  ray  of  a  large  white 
kidney,  x  280. 


Fio.  251. — Hyaline  bodies  in  the  lumen  and 
epithelium  of  a  looped  tubule  of  the 
rabbit's  kidney,  seven  hours  after  a 
large  injection  of  water  Into  the  sub- 
cutaneous cellular  tissue,  x  700. 


of  the  albumen  which  passes  through  the  urinary  tubules  undergoes  chemical 
decompositions  which  deprive  it  of  some  of  its  original  properties.  It  might 
be  possible  for  some  of  the  decomposing  albumen  to  become  insoluble  and 
form  hyaline  cylinders.  A  similar  conclusion  may  be  drawn  from  Ribbert's 
investigations,  according  to  which  the  albuminous  contents  of  the  urinary  tubules 
coagulate  and  are  then  supposed  to  become  transformed  into  hyaline  cylindrical 
casts.  In  certain  cases,  it  is  true,  fibrin  is  present  in  the  urinary  tubules  and 
is  also  capable  of  hyaline  transformation,  as  was  recently  shown  to  be  probable 
by  Israel  and  Ernst  by  the  aid  of  Weigert's  method  of  staining  fibrin.  This, 
however,  by  no  means  exhausts  all  the  various  modes  of  origin  of  hyaline  renal 
casts.  The  blood  Avhich,  in  certain  diseases,  passes  through  the  glomerular  loops 
into  the  urinary  tubules,  forms  cylinders  which  may  become  hyaline  ;  and  many 
authors  support  the  view  that  shed  renal  epithelium  undergoes  hyaline  changes 
and  is  fused  into  homogeneous  cylinders. 

Firm  hyaline  masses  are  very  frequently  found  in  the  alveoli  of  the  thyroid 
gland  in  place  of  the  normal  fluid  contents — rolloid  of  the  thyroid.  The  gland  is, 
as  a  rule,  more  or  less  enlarged,  sometimes  to  a  considerable  extent.     Under 
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the  microscope  (Fig.  252)  the  alveoli  are  seen  to  be  dilated  and  tilled  witli  a 
hyaline  substance.  The  latter  sometimes  encloses  single  shed  epithelial  cells  from 
the  alveolar  wall,  containing  more  or  less  numerous  hyaline  spheres,  and  also  a 
few  leucocytes.  Beside  these  a  varying  number  of  hyaline  droplets  is  found 
which  might  possibly  also  proceed  from  the  shed  cells.  Hyaline  droplets  are 
also  sometimes  present  in  the  epithelium  lining  the  alveolar  walls.  This 
condition  is  by  no  means  common.  The  epithelial  lining  of  the  alveolar  walls 
is  usually  quite  normal  in  appearance,  unless  it  be  somewhat  flattened  by 
extreme  distension  of  the  alveoli.     It  would  seem,  therefore,  that  the  greater 

part  of  the  colloid  in  the 
thyroid  gland  represents  an 
abnormal  secretion  of  the  epi- 
thelium of  the  alveoli,  associ- 
ated "ttith  the  degenerative 
products,  also  hyaline,  of  some 
shed  epithelial  cells  and 
a  few  leucocytes.  It  very 
frequently  happens,  however, 
that  haemorrhages  into  the 
alveoli  of  the  gland  occur, 
and  the  blood  is  dissolved  in 
the  alveolar  contents.  The 
latter  then  assume  a  dark- 
red  colom',  which  afterwards 
becomes  brownish-red,  bro^^^l, 
and  yellow.  Obrzut  has  even 
advanced  the  opinion  that  the 
whole  of  the  colloid  masses 
of  the  thyroid  represent  pro- 
ducts of  alteration  of  extra- 
vasated  blood. 

Hyaline  degeneration  and 
deposits  of  hyaline  substance 
occur  very  commonly  in 
many  different  tumonrs  (Fig. 
253),  in  txudationn,  and  in 
extravasations  of  blood.  Wax- 
like  or  vitreous  degeneration  of 
striated  mnsde  occupies  a 
special  position,  however.  As 
the  etiology  and  mode  of 
origin  of  the  hyaline  sub- 
stance are  comparatively  well  known  in  this  case,  it  will  be  of  general  interest 
if  they  are  briefly  touched  upon. 

In  grave  pyrexial  disease  of  long  continuation  the  strijsed  muscle  loses  a 
great  deal  of  its  firmness.  This  fact  is  quite  in  accordance  Avith  the  increased 
heat  production  and  the  disturbance  of  nutrition  Avhich  occur  in  fever.  This 
loss  of  firmness  is  not  always  manifested  by  changes  in  the  histological  structure 
of  the  muscle  fibre.  It  sometimes  happens,  nevertheless,  that  rupture  may 
occur  in  the  muscles  of  which  the  patient  makes  most  use,  especially  the  rectus 
abdominis  and  the  adductors  of  the  femur,  which  are  stronelv  contracted  in 
sitting  up  in  bed.     A  small  extravasation  of  blood  is  formed  in  the  muscle,  the 


Fig.  252. — Colloid  bodies  in  the  aheoli  of  a  considerably  enlarged 
thyroid,  x  SOO. 
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development  of  which  may  occasionally  be  directly  observed  in  the  rectus 
abdominis.  Microscopical  examination,  however,  shows  a  peculiar  splitting  of 
the  contents  of  the  sarcolemma  (Fig.  254),  first  described  by  Bowman  in 
tetanus  and  regarded  by  him  as  the  result  of  rupture.  Zenker,  however,  after- 
wards made  a  thorough  investigation  of  the  subject,  by  means  of  which  he  arrived 
at  the  opinion  that  wax-like  degeneration  was  the  consequence  of  a  peculiar 
disturbance  of  nutrition  in  the  muscle.  Rupture  of  the  muscle  was  supposed 
to  be  the  resTilt  of  the  wax-like  degeneration. 

During  his  researches  on  the  tongue  of  the  living  frog,  J.  Arnold  very  fre- 
quently observed  Avax-like  degeneration  in  previously  quite  healthy  muscle  which 
had  been  ruptured  from  some  cause  or  other.  More  recently,  Weihl  elaborated 
these  observations  under  the  direction  of  J.  Arnold.     It  appears,  according  to 


Fic.  253. — Hyaline  degeneration  of  epithelial  cells  from  a  squamous  epithelioma  of  the  skin.    Temporal 
region.     In  the  cells  a  and  b  are  spaces  containing  multinucleated  leucocytes,    x  370. 


those  authors,  that  very  soon  after  either  ruptiu"e  or  section  of  completely 
healthy  muscles,  the  hyaline  swelling  of  the  torn  or  cut  fragments  char- 
acteristic of  wax-like  degeneration  sets  in.  It  cannot  be  seen  by  the  micro- 
scope whether  coagulation  of  the  muscle  plasma  takes  place,  as  Martini,  C.  E.  E. 
Hoffmann,  Friedreich,  and  Weigert  were  inclined  to  assume.  The  muscle  fibre 
generally  ruptures  parallel  to  its  transverse  striation,  and,  as  a  rule,  retracts 
from  the  loss  of  tension.  The  fragments  and  the  ruptured  parts  undergo  slight 
increase  in  volume,  with  alteration  of  their  refraction  and  of  the  peculiar  histo- 
logical structiu-e  termed  transverse  striation.  They  become  highly  refractile 
and  homogeneous. 

This  information  makes  it  easily  understood  why  wax-like,  or  better,  hyaline 
degeneration  of  striated  muscle  should  be  found  in  all  diseases  in  which  the 
muscles  are  ruptured  either  by  external  force  or  by  their  strong  contraction,  in 
tetanus,  trichinosis,  traumatism,  and  in  spontaneous  rupture  from  violent  move- 
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ments  of  the  body.  A  similar  condition  also  occux^s  in  muscle  fibres  attached  to 
tumoui's  which  have  been  removed,  since  these  muscle  fibres  have  been  subjected 
to  strong  traction  during  the  operation.    Erb's  investigations  seem  to  show  that, 

under  certain  circumstances,  rupture  of  muscles 
after  death  might  have  a  similar  result.  Haemor- 
rhage is  not  always  associated  with  rupture  of 
the  contents  of  the  sarcolemma,  however.  Its 
occurrence  depends,  of  course,  on  whether  rupture 
of  the  vessels  has  taken  place  at  the  same  time. 
Frequently,  the  sarcolemma  sheath  of  a  muscle 
ruptures  at  the  same  time  as  the  muscle  fibre 
without  producing  any  change  in  the  mode  in 
which  the  muscle  splits.  It  must  also  be  men- 
tioned that  after  ruptm^e  the  muscle  fibre  seems 
to  be  split  into  hyaline  prisms  of  varying  length, 
separated  by  parts  in  which  the  contents  of  the 
sarcolemma  lemain,  as  a  rule,  unchanged.  Re- 
generation proceeds  mainly  from  the  unaltered 
parts  of  the  fibre,  perhaps  also  from  the  nuclei 
and  remnants  of  protoplasm  which  are  enclosed 
in  the  products  of  the  hyaline  disintegration. 
These  regenerative  phenomena  will  be  more  fully 
investigated    in    the   description   of    progressive 


changes  in  tissue. 
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2.  Mucoid  Degeneration 

By  mucoid  degeneration  we  understand  a  degenerative  process  by  which 
the  tissues  are  changed  into  a  gelatinous,  soft,  or  semifluid  hyaline  substance. 
This  leads  very  frequently  to  the  formation  of  chemical  bodies  termed  mucins. 
These  are  nitrogenous  combinations  which,  on  decomposition,  break  up  into 
albuminoid  substances  and  carbo-hydrates. 

Mucin  is  soluble  in  alkaline  carbonates,  dilute  caustics,  and  lime-water. 
It  is  precipitated  from  weak  alkaline  solutions  by  acetic  acid,  if  precipitation 


Fig.  255. — Formation  of  goblet  cells  from  the  ciliated,  cylindrical  epithelium  of  a  multilocular  ovarian  cystic 

tumour,  x900. 

be  not  prevented  by  the  presence  of  neutral  salts,  especially  sodium  chloride. 
Alcohol  also  precipitates  mucin. 

It  has  already  been  mentioned  that  mucus  is  very  frecpiently  present  in 
catarrhal  exudations  from  mucous  membranes,  and  also  forms  a  constituent 
of  the  secretion  of  the  normal  intestinal  mucous  membrane,  of  other  mucous 
membranes,  and  many  glands.  In  mucous  membranes  and  glands  mucus 
is  present  in  the  epithelial  cells  in  the  form  of  round,  transparent  masses 
which  are  ejected  from  the  cell.  The  cells  afterwards  assume  the  form  of 
empty  goblets — goblet  cells  (Fig.  255). 

Mucus  also  exists  in  the  form  of  hyaline  drops  of  varying  size  in  the  epi- 
thelial cells  of  many  carcinomata  with  mucoid  degeneration  (Fig.  256).  In  this 
case,  however,  the  whole  of  the  cells  are  finally  transformed  into  a  homogeneous, 
structureless,  mucoid  mass,  filling  the  alveoli  of  the  tumour.  Here,  in  contra- 
distinction to  the  mucous  secretion,  there  is  a  mucoid  degeneration  present,  the 
analogy  of  which  with  the  mucous  secretion  of  the  goblet  cells  is  the  more 
striking,  however,  because  these  mucoid  degenerations  of  epithelial  cells  occur 
mainly  in  tumours  the  epithelial  constituents  of  which  are  derived  from  the 
epithelium  of  the  stomach  and  intestine,  which  normally  contains  numerous 
goblet  cells. 

Mucoid  degeneration,  however,  is  by  no  means  limited  to  epithelial  growths. 
In  colloid  carcinomata  the  connective  tissue  is  also  very  frecpently  converted 
into  a  mucoid,  homogeneous,  structureless  substance.    Mucoid  degeneration  is  also 
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very  commonly  found  in  cartilaginous  tumours.  First,  the  intercellular 
substance  of  the  cartilage  loses  its  iirm  consistence,  becoming  soft,  or  even  fluid 
and  fibrillar.  Hyaline  droplets  then  form  in  the  cells,  and,  finally,  these  also 
break  down  and  merge  into  the  now  homogeneous  mucoid  substance.  Similar 
processes  are  observed  in  many  other  tumours,  in  fibroma,  lipoma,  myxoma, 
myoma,  glioma,  and  sarcoma,  as  well  as  in  the  structure  of  many  diseased 
organs. 


Fig.  256.-  Epithelial  cells  undergoing  mucoid  degeneration  in  the  alveoli  of  a  carcinoma  of  the  stomach, 

x700. 

The  final  stage  of  mucoid  degeneration  is,  as  can  be  observed,  a  mucoid, 
structureless  mass  which  may  also  become  turbid  by  further  decomposition.  It 
is  therefore  to  be  clearly  distinguished  from  the  new  formation  of  mucoid  tissue, 
which  will  be  considered  in  dealing  with  the  progressive  changes  in  tissues. 


3.  Amyloid  or  Waxy  Degeneration 

Amyloid  substance  is  distinguished  from  other  hyaline  bodies  by  its  peculiar 
reaction,  discovered  by  Meckel  and  VirchoAV.  If  tissues  containing  amyloid 
be  treated  with  a  solution  of  iodine  in  potassium  iodide  (iodine  1  '0,  potassium 
iodide  10"0,  aq.  distill.  lOO'O),  the  amyloid  parts  become  mahogany  brown, 
while  the  other  tissues  only  take  on  a  straw-yellow  colour.  Subsequent 
addition  of  dilute  sulphuric  acid  (5  per  cent)  or  solution  of  chloride  of  zinc 
changes  the  colour  of  the  amyloid  substance,  which  becomes  dark  brown,  gray- 
brown,  blue-green  or  blue. 

This  iodine  reaction  is  the  most  practical  as  well  as  the  distinctive  test  for 
the  recognition  of  amyloid  substance  in  the  organs.  It  is  therefore  made  use 
of  at  the  j^ost-mortem  table.  Microscopic  sections  also  become  a  little  darkened 
if  they  are  placed  in  iodised  glycerine.  According  to  Bottcher's  sugges- 
tions, it  is  better  to  work  with  considerably  diluted  solutions  of  iodine 
(iodine  0-25,  potassium  iodide  0-5,  aq.  dist.  100-0).  For  more  accurate 
observation  of  the  histological  changes,  the  methyl-violet  method,  discovered 
by  Jiirgens,  Heschl  and  Cornil,  must  be  regarded  as  a  very  valuable  addition 
to  our  reagents.  According  to  my  opinion,  it  is  best  to  use  a  strong  aqueous 
solution  of  methyl-violet,  acidulated  by  acetic  acid.  The  microscopic  sections 
are  left  in  this  for  a  few  minutes.     They  are  then  washed  in  water  containing 
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acetic  acid,  and  lose  a  great  quantity  of  the  stain.  They  are  examined  in 
glycerine.  The  amyloid  Avill  then  have  taken  on  a  brilliant  red  colour,  while 
the  remaining  tissues  are  stained  blue-violet.  The  decolorisation  can  be  easily 
graduated  so  that  the  nuclei  of  the  tissue  appear  deep  violet,  while  the 
amyloid  substance  is  a  vivid  red. 

Organs  ^vith  advanced  amyloid  degeneration  are  comparatively  large,  and 
have  a  mottled,  translucent  appearance  which  gave  rise  to  the  term  lardaceous. 
In  its  behaviour  toward  iodine,  as  well  as  toward  iodine  and  sulphuric  acid, 
amyloid  resembles  starch,  so  that,  in  this  connection,  the  name  amyloid,  which 
was  given  by  Virchow,  is  perfectly  appropriate.  While  starch,  however,  is  a 
non-nitrogenous  carbo-hydrate,  it  has  been  learned  from  the  investigations  of 
Kekule  and  Friedreich,  C.  Schmidt,  Kiihne  and  RudnefF  that  amyloid  contains 
nearly  the  same  amount  of  nitrogen  as  albuminoid  bodies.  Perhaps  it  is  a 
decomposition  product  of  albumen,  standing  in  close  relation  to  it.     It  difters 
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Fig.  257. — Longitudinal  section  of  an  interlobular  artery  of  the  human  kidney.  Appearance  of  amyloid  sub- 
stance under  the  epithelium  antl  between  the  transverse  layers  of  the  circular  muscle  fibres.  «,  Lumen  of 
the  artery,    x  700. 

from  the  latter  in  its  insolubility  in  water  and  its  resistance  to  alkalies  and  acids, 
as  well  as  to  the  gastric  juices. 

In  severe  general  disturbances  of  nutrition  (such  as  are  developed  as  the  result 
of  tuberculosis,  syphilis,  profuse  long-continued  suppuration  in  the  bones  and 
soft  parts,  and  in  other  diseases),  amyloid  degeneration  appears  widely  dis- 
tributed in  the  different  parts  of  the  body.  The  organs  chiefly  aff"ected  are  the 
liver,  spleen,  kidneys,  intestine,  suprarenal  bodies,  and  the  thyroid. 

In  all  these  situations  the  middle  coat  of  the  smaller  arteries  is  first  affected. 
A  thin,  longitudinal  section  of  the  interlobular  arteiy  of  the  kidney  (Fig.  257) 
shows  a  shining,  hyaline  mass  under  the  endothelium  and  elastic  membrane, 
stretching  transversely  in  between  the  muscle  fibres,  and  partly  surrounding 
and  embedding  them.  The  spindle-shaped  formation  of  the  muscle  cells 
explains  why  they  are  unequal  on  transverse  section,  according  to  whether  the 
section  is  through  the  end  or  the  middle  of  the  spindle.  In  the  latter  case  the 
muscle   nuclei  also  appear  in  the   cross-section.     Many  of   the    cross-sections 
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Avith    nuclei    are    also    very  small.-     It    would    therefore  seem   justifiable    to 

assume  that  the  muscle  fibres  decrease  in 
size,  atrophy,  simultaneously  \\\\h  the  appear- 
ance of  the  amyloid  substance. 

If  sections  be  made  parallel  to  the  plane 
of  the  muscle  fibres  through  the  wall  of  such 
an  artery,  the  shining  amyloid  masses  between 
the  muscle  fibres  are  seen  (Fig.  258).  These 
latter  show  the  inecpiality  in  size,  already 
mentioned  as  a  sign  of  atrophy.  Since  many 
of  the  muscle  fibres  are  surrounded  by  amy- 
loid substance,  as  may  be  seen  in  the  longi- 

FiG.  25S.— Amyloid  substance  between  the    tudiual  scction  (Fig.  257),  a  transverse  section 

circular  muscle  fibres  of  an  interlobular         •  ^j^     imprCSsion  in  pkces  that  the  muscle 

artery  of  the  kidney,  X  7000.  o  r  i  i  i  i    -i 

fibres  might  themselves  have  become  amyloid. 
Such  a  condition  cannot  be  demonstrated  with  certainty,  however. 


Fig.  259.— Amyloid  degeneration  of  a  glomerulus  of  the  kidney,  x  244. 

In  the  kidneys  the  arterise  rectae  in  the  medulla  and  the  loops  of  vessels  in 
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the  glomeruli  are  similarly  diseased  (Fig.  259).  In  the  other  organs  also  the 
same  changes  occur  in  the  smaller  arteries  and  sometimes  extend  even  to  the 
large  arteries  and  veins.  The  affection  of  the  smaller  arteries  not  infrequently 
precedes  amyloid  degeneration  of  the  remaining  tissue  elements  of  the  organ. 

Very  frequently  amyloid  degeneration  develops  in  the  walls  of  the 
capillaries,  a  zone  of  amyloid  substance  forming  immediately  external  to  the 
endothelial  layer.  In  the  liver  (Fig.  260)  this  may  be  demonstrated  with 
comparative  ease.  The  amyloid  substance  in  this  situation  lies  between  the 
endothelium  of  the  capillaries  and  the  liver  cells,  and  the  latter  atrophy, 
apparently  because  of  the  pressure  which  the  amyloid  substance  exerts.  In 
addition  to  this,  some  of  the  liver  cells  show  fatty  and  albuminous  degeneration. 
The  cells  are  enlarged,  cloudy,  and  infiltrated  with  fat  droplets.  In  Fig.  260 
these  fat  droplets  are  dissolved,  but  the  cell  protoplasm  shows  the  rounded 
sjoaces  which  previously  contained  the  droplets.  On  the  other  hand,  amyloid 
does  not  seem  to  occur  in  the  liver  cells.     The  walls  of  the  small  arteries  in 


Fig.  260.— Amyloid  degeneration  of  the  liver.    The  capillary  lumen  bordered  by  endothelium  and  amyloid 

substance,    x  600. 

the  spleen  and  also  the  veins  of  the  pulp  become  diseased  in  a  similar  fashion. 
Here,  however,  the  disease  frequently  invades  the  Malpighian  bodies  and  the 
tissue  of  the  pulp.  In  these  situations  amyloid  substance  occurs  in  great 
quantity,  often  so  great  that  in  parts  the  cellular  elements  completely  dis- 
appear. The  amyloid  applies  itself  to  the  fine  fibres  of  the  reticulum  in 
such  a  way  (Fig.  261)  that  it  is  doubtful  whether  the  strands  of  the 
reticulum  are  converted  into  amyloid  substance  or  become  surrounded  by 
deposits  of  amyloid  and  then  disappear  under  the  pressure  of  the  amyloid 
substance. 

As  a  matter  of  fact,  the  development  of  the  amyloid  degeneration  is 
comparatively  difficult  to  trace.  While  many  investigators  consider  that 
amyloid  is  formed  by  the  gland  cells  (E.  Virchow,  Frerichs,  Bottcher),  E. 
Wagner  has  tried  to  prove  that  it  appears  in  the  vessel  Avails  and  causes 
atrophy  of  the  cells  of  the  gland  by  pressure.  That  this,  speaking  generally,  is 
true  is  seen  from  the  above  facts.  It  must  be  added,  however,  that  the  amyloid 
substance  is  also  formed  at  a  great  distance  from  the  wall  of  any  blood-vessel,  as 
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may  be  observed  in  the  spleen  especially.  The  insolubility  of  the  amyloid 
substance  will  not  allow  of  the  assumption  that  it  circulates  in  the  blood  in 
solution  and  is  deposited  by  it  in  the  tissues.  We  are  forced  to  assume, 
rather,  that  the  amyloid  is  formed  in  situ  where  it  is  found. 

The  view  adopted  by  v.  Recklinghausen,  that  the  cells  of  the  tissue 
generate  the  amyloid  and  excrete  it  into  the  lymph  spaces  may  therefore  be 
supported ;  but  still  it  is  quite  possible  and  conceivable  that  a  preliminary 
stage  of  the  amyloid  substance  circulates  in  solution  in  the  blood  and  passes  out 
of  the  blood  into  the  tissues,  where  it  is  converted  into  amyloid  by  the  action 
of  the  cells. 

In  any  case,  the  appearance  of  the  amyloid  substance,  in  the  cases  which 
have  as  yet  been  considered,  is  directly  connected  with  serious  distiu"bances  of 


Fig.  261.— Diffuse  amyloid  degeneration  of  the  spleen.    Amyloid  substance  in  tlie  walls  of  the  blood-vessels, 
a,  a,  and  in  the  meshes  of  the  reticulum  of  the  pulp,    x  424. 

the  general  metabolism,  brought  about  by  tuberculosis,  syphilis,  suppuration  in 
bones  and  other  diseases.  These  general  disturbances  are  manifested  in  the 
individual  organs  by  amyloid  degeneration  of  the  tissue,  and  frequently  also  by 
structural  changes  in  the  cell  protoplasm,  which  will  be  discussed  under 
albuminous  and  fatty  changes. 

In  other  cases,  the  metabolic  disturbance  Avhich  gives  rise  to  the  appearance 
of  amyloid  substance  is  more  or  less  local.  Amyloid  tumours  may  be  cited  as 
an  example  of  such  occurrences.  These  were  first  noticed  in  the  conjunctiva  of 
the  eye,  where  they  attained  the  size  of  a  walnut  (\.  Oettingen,  Kyber,  Leber, 
Rahlmann).  More  recently,  the  occurrence  of  similar  tumours  in  the  larynx 
and  at  the  root  of  the  tongue  has  been  observed  (Biu'ow,  Ziegler).  The 
amyloid  tumours  of  the  conjunctiva  proceed  from  circumscribed  new  formations 
of  lymphatic  tissue  by  the  groAvth  of  a  hyaline  substance  in  the  lymphoid  cells  as 
well  as  in  the  vessel  walls  and  free  in  the  tissues.     This  shows  no  amyloid 
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reaction  at  first,  it  is  true,  but  is  subsequently  converted  into  true  amyloid. 
In  syphilitic  scars  in  the  liver  and  in  other  situations  the  occurrence  of  local 
amyloid  degeneration  has  been  observed.  The  fact,  observed  by  Rahlmann 
and  Kubly,  that  amyloid  conjunctival  tumours  are  completely  absorbed  after 
partial  extirpation  is  of  great  interest.  It  shows  that  the  tissues  are  able  to 
render  soluble,  substances  which  are  insoluble  in  water  or  the  body  fluids 
and  are  hard  to  decompose  even  in  strong  acids.  We  may  therefore  count 
upon  the  possibility  of  gradual  absorption  of  a  difiuse  amyloid  degeneration,  at 
least  when  it  is  possible  to  remove  the  cause  of  the  disease. 


The  corpora  amylacea  occupy  a  special 
position.  These  are  strongly  refractile,  con- 
centric or  radially  striped  concretions  which 
give  the  amyloid  reaction.  Such  structures 
are  very  frequently  found  in  the  alveoli  of 
the  prostate  of  elderly  men  (Fig.  262),  as 
was  noted  hj  even  Morgagni.  According  to 
Stilling's  investigations,  corpora  amylacea  of 
the  prostate  occur  cjuite  commonly  before 
pul^erty.  Similar  structures  are  not  infre- 
quently observed  in  the  lungs,  either  free  in 
the  alveoli  or  enclosed  in  haemorrhages  or 
fibrinous  exudation  (Friedreich,  Zahn,  Lang- 
hans).  The  concentric  lamination  is  some- 
times so  fine  that  it  can  only  be  recognised 
under  a  very  high  power.  The  corpora 
amylacea  of  the  central  nervous  system, 
first  observed  by  Virchow,  are  very  common. 
They  are  found  almost  invariably  in  the 
cerebral  substance  in  the  neighbourhood  of 
ventricles,  and  also  in 
which   the  nerve  fibres 


Fio.  262. — Corpora  amylacea  of  the  prostate, 
X  270. 


the  ependyma  of  the  cerebral 
the  brain  and  spinal  cord  within  diseased  foci  in 
have  been  destroyed  and  replaced  by  proliferation 
of  the  neuroglia.  On  the  mucous  membrane  of  the  urinary  passages  and  in 
tumoui^s  also,  corpora  amylacea  are  observed. 

Siegert  has  described  a  very  useful  method  of  staining  these  bodies. 
Portions  of  tissue  which  contain  corpora  amylacea  are  first  washed  in  Avater 
and  placed  in  strong  solution  of  iodine  in  iodide  of  potassium.  They  are  then 
decolorised  in  concentrated  alcohol,  washed  in  a  10  per  cent  solution  of  hydro- 
chloric acid,  alkalinised  in  water  and  mounted  and  examined  in  origanum  oil. 
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V.  Liquefaction  and  Atheroma+ous  Degeneration 

Tissues  which  have  undergone  caseous,  simple  hyaline,  or  mucoid  degenera- 
tions sometimes  become  more  or  less  completely  liquefied.  Cystoid  cavities  are 
thus  formed  in  the  diseased  areas,  filled  with  more  or  less  turbid  fluid  and 


Fig.  263. — Cholesterin  crystals  from  a  cyst  of  the  thyroid,  x  60. 

disintegrated  tissue.  The  Avails  of  these  cavities  are  irregular,  rough,  or  ragged 
in  appearance,  caseous  to  a  greater  or  less  degree,  and  show  hyaline  or  mucoid 
degeneration. 

A  special  form  of  liquefaction  is  called  atheromatous  degeneration.  This  word 
is  derived  from  the  Greek  word  ddepi],  which  means  pulp.  The  products  of 
atheromatous  degeneration  ajjpear  as  porridge-like  masses,  in  which  peculiar, 
glistening  particles  are  usually  present  which  prove  to  be  cholesterin  crystals 
(Fig.  263). 

Those  porridge-like  masses  are  not  infrequently  found  in  greatly  dilated 
hair  follicles  and  in  the  cystic  tumours  known  as  dermoids.  In  both  cases  the 
atheromatous  pulp  is  made  up  of  shed,  disintegrating  squamous  epithelium, 
together  with  albuminous  and  fatty  detritus,  cholesterin  crystals,  and  a  varying 
quantity  of  fluid.  The  occurrence  of  atheromatous  degeneration  is  not  limited 
to  epithelial  structures,  however.     It  is  also  found  in  connective  tissue. 

The  pathological  new  formations  of  connective  tissue,  which  so  frequently 
develop  in  the  intima  of  the  large  arteries,  are  especially  liable  to  atheromatous 
degeneration.  In  the  description  of  the  simple  hyaline  degenerations  it  Avas 
mentioned  that  many  general  disturbances  of  nutrition  lead  to  a  Aveakening  of 
the  middle  coat  of  the  A'essel.  The  A^essel  AA^all  is  stretched  by  the  blood- 
pressure,  the  lumen  of  the  A'essel  dilates,  and  connective  tissue  thickening  of  the 
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intima  takes  place,  so  that  the  himen  of  the  vessel  becomes  again  adapted  to 
the  blood-stream.  Not  infrequently  this  stretching  of  the  middle  coat  of  the 
vessel  becomes  very  excessive  at  some  parts  of  the  circumference  of  the  vessel, 
and,  accordingly,  the  new  formation  of  connective  tissue  is  very  considerable 
(Fig.  264).  This  newly-formed  connective  tissue  has  now  to  support  a  great 
part  of  the  tension  of  the  walls.  For  this,  however,  it  is  not  quite 
competent.  The  increasing  dilatation 
of  the  lumen  of  the  vessel  continues 
to  stretch  the  Avail,  until  at  last  the 
nutrition  of  the  newly-formed  connec- 
tive tissue  is  impaired  ;  some  portions 
of  it  die  and  undergo  simple  hya- 
line degeneration.  In  the  hyaline 
portions  a  finely  granular  disintegra- 
tion, with  softening  and  liquefaction, 
develops  under  certain  circumstances. 
Cholesterin  crystals  are  present  in 
the  softened,  granular,  degenerating 
masses.  This  softening  is  atheromat- 
ous disintegration.  These  areas  of 
softening  occur,  as  a  rule,  in  the 
deeper,  oldest  connective  tissue  layers 
of  the  intima  nearer  the  media.  They 
may,  however,  break  into  the  lumen 
of  the  vessel  or,  sometimes,  extend  to 
the  media.  Atheromatous  degenera- 
tion, like  simple  hyaline  degeneration, 
is  associated  Avith  increase  in  volume 
and  swelling  of  the  degenerating  parts, 
so  that  the  atheromatous  foci  project 
somewhat  into  the  lumen  of  the  blood 
channel,  as  shown  in  Fig.  264. 

VI.  Petrification  and  Formation  of 
Concretions 

Various  salts  are  sometimes  de- 
posited in  granular  form  within  the 
tissues,  ])etrification  of  the  tissues.  Cal- 
cification and  incrustation  with  urates 
may  be  mentioned  here  as  the  most 
important. 

Similar  processes  are  carried  out 
in  the  tissue  spaces,  the  excretory 
ducts  of  the  glands,  in  cavities  which  are  lined  by  mucous  membranes,  and  also 
Avithin  the  blood-vessels.  In  these  sitixations  dead  cells,  flakes  of  mucus,  and 
fibrinous  coagulations  are  impregnated  and  coated  by  crystalline  and  granular 
secretion  of  varying  chemical  composition,  free  formation  of  calculi. 

Calcification  of  tfie  tissues  arises  from  the  deposit  of  finely  granular  molecules 
of  carbonate  or  phosphate  of  lime.  These  molecules  may  be  dissolved  by  strong 
mineral  acids,  such  as  hydrochloric  or  nitric  acid,  AAdth  the  evolution  of  bubbles 
of  carbonic  acid  gas,  when  a  sufficient  quantity  of  carbonate  of  lime  is  present. 


Fig.  264.— Transverse  section  of  the  abdominal  aorta. 
The  media  is  represented  darlc,  and  is  thinned  and 
bulging  at  one  part.  At  the  same  spot  the  intima 
shows  a  nodular  thickening  by  new  connective 
tissue,  partly  hyaline  and  partly  atheromatous.  The 
atheromatous  foci  are  shaded  darkly,    x  11. 
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If  sulphuric  acid  be  used,  sulphate  of   lime  or  gypsum   separates  in  radially 
arranged  spicules. 

Calcified  tissues  are  more  or  less  hard  and  may  even  be  hard  as  stone. 
Under  the  microscope  fine,  very  refractile  giunules  are  found  in  the  intercellular 
substance  and  even  deposited  in  the  cells  of  the  tissue  also.  These  granules 
appear  dark  by  transmitted  light,  l)ut  white  l)y  direct  light.  The  tissues  are 
thus  more  or  less  opaque  as  a  rule.  In  extreme  calcification  the  granules  of 
chalk  are  so  close  to  each  other  that  they  become  fused.  At  such  spots  the 
calcified  tissues  regain  a  certain  amount  of  transparency. 

Calcification  of  the  tissues  also  occurs  physiologically  in  cartilage,  for 
instance,  at  the  lines  of  ossification.  The  calcification  of  the  costal  cartilages,  the 
laryngeal  cartilages,  and  the  arterial  walls  in  old  age  is  also,  partly,  a  physio- 
logical phenomenon.  It  appears  as  the  result 
of  senile  involution  of  the  bones,  when  a 
great  quantity  of  lime  -  salts  pass  into  the 
blood.  The  greater  part  of  these  are  ex- 
creted by  the  kidney  and  also  by  the  intes- 
tine. On  their  way  from  the  bones  to  the 
excretory  organs  some  of  these  lime  -  salts 
are,  in  many  cases,  deposited  in  a  granular 
form  in  the  cartilages  mentioned,  in  the 
vessel  walls,  the  connective  tissue  of  the 
renal  papillse,  and  in  other  parts.  These 
deposits  are  certainly  only  temporary.  The 
involution  of  the  bones,  very  rapid  to  begin 
"\\ath,  subsequently  makes  very  much  slower 
progi-ess ;  the  proportion  of  lime  in  the 
blood  becomes  less,  and  the  deposits  of  lime 
in  the  cartilages,  vessel  walls,  and  other 
tissues  disappear.  In  very  advanced  life, 
therefore,  petrification  is  found  to  be  much 
more  rare  than  between  fifty  and  seventy. 

The  same  petrifications  occur  in  early  life,  as 
pathological  phenomena,  in  premature  senes- 
cence, in  serious  distiu'bances  of  the  general 
metabolism  connected  Anth  marasmus,  and 
lastly,  in  various  diseases  of  the  bones  associ- 
ated with  extensiA'e  solution  of  the  lime-salts. 
The  deposit  of  substances  circulating 
in  the  ))lood  which  so  frequently  occurs 
in  many  organs  is,  as  a  rule,  described  as 
infiltration.  The  expression  infiltration  with  lime  is  little  used,  because  it  does 
not  indicate  the  important  difterence  between  petrification — that  is,  deposit  of 
granular  and  crystalline  masses  of  lime — and  omfication,  or  formation  of  true 
bony  tissue.  In  both  cases  lime -salts  circulating  in  solution  in  the  blood 
infiltrate  the  tissues  and  are  secreted  in  a  solid  form.  In  ossification,  however, 
the  lime  infiltration  appears  as  an  essential  part  of  a  process  of  new  formation 
of  tissue,  while  in  petrification  no  new  tissue  is  formed.  The  physiological 
petrification,  just  mentioned  as  occurring  in  old  age,  appears  rather  to  be  a 
retrogressive  tissue  change,  like  the  pathological  petrifications ;  and  if  the  lime 
disappears  from  one  organ  to  be  deposited  in  another,  it  may  be  termed,  as 
Virchow  has  suggested,  calcareous  metastasis. 
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Fig.  265. — Transverse  section  through  the  wall 
of  the  abdominal  aorta,  n,  Intima ;  h, 
darlvly  -  shaded  media;  c,  adventitia.  A 
calcified  area  (shaded  darlily)  in  the  hyaline 
part  of  the  iutiiiia.    x  42. 
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In  calcareous  metastasis  portions  of  tissue  which  are  dead  and  undergoing 
disintegration  form  the  commonest  seat  of  the  calcification.  In  the  arterial 
walls,  therefore,  calcification  is  chiefly  met  with  in  diseased  portions  of  the 
intima  and  media  where  there  is  hyaline  or  atheromatous  degeneration  (Fig. 
265).  In  the  same  way,  calcification  in  the  costal  and  laryngeal  cartilages 
selects  the  finely  fibrillated,  split-up  parts  of  the  intercellular  substance  (Fig. 
266).  It  may  happen,  however,  that  isolated  cartilage  cells  or  their  capsules 
calcify,  while  the  older  intercellular  substance  surrounding  them  remains  un- 
affected. In  calcareous  metastasis,  calcification  sometimes  occurs  in  tissues  which 
are  otherwise  quite  normal.  This  happens  in  calcification  of  the  renal  papillae, 
for  instance  (Fig.  267).  It  also  occurs  in  the  arterial  walls,  in  which  case 
the  normal  intima  and  media  become  infiltrated  with  numerous  granular  or 
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Fig.  266. — Calcification  of  the  lissured  and  fibrillated  intercellular  suljstance  of  a  costal  oaitilage  in  an  old  man. 
Treatment  with  alum  carmine  has  withdrawn  a  portion  of  the  calcareous  granules  from  the  fibrillated  part. 
Where  the  tissue  is  still  calcareous,  it  appears  pale  on  account  of  the  close  apposition  of  the  molecules  of 
lime.    X  270. 


irregidarly  projecting  calcareous  deposits.  Lastly,  calcification  of  the  tissue  of 
the  lungs  should  be  mentioned  among  the  metastatic  calcifications.  It  is  a 
rare  condition,  but  when  present  may  be  very  extensive.  The  lungs  appear  stiff 
and  hard  as  bone  in  some  parts,  although  they  present  no  change  in  colour  or 
structure  to  the  naked  eye.  The  deposit  of  lime  in  the  pulmonary  tissue 
can  be  easily  demonstrated  microchemically,  however. 

Calcification  of  the  tissues  also  occurs  at  an  earlier  period  of  life  under  circum- 
stances which  do  not  warrant  us  in  assuming  that  there  has  been  any  calcareous 
metastasis.  In  these  cases,  also,  we  have  to  deal  with  calcification  of  dead  tissue, 
as  a  rule,  so  that  the  localisation  of  the  calcification  may  be  similar  to  that  in 
calcareous  metastasis.  Calcification  seems  here  specially  to  affect  hyaline  de- 
generated portions  of  the  vessel  wall  and  the  cardiac  valves.    In  certain  poisonings 
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(poisoning  with  corrosive  sublimate,  Kaufmann),  necrosis  of  the  renal 
epithelium  with  subsequent  calcification  of  the  dead  cells  takes  place. 
Calcification  is  also  obsei-ved  in  tumours,  and  in  this  case  also  it  occurs  in 
areas  showing  distinct  appearances  of  disintegration.  Dead  embryos  retained 
in  the  abdomen  or  uterus  sometimes  become  calcified,  and  the  very  rare 
condition  of  lithopcedion  is  produced.  It  may  also  happen  that  parasites  which 
die  within  human  tissues  become  impregnated  with  lime-salts. 

Inasmuch,  however,  as  local  tissue  necrosis  does  not  by  any  means  invariably 
entail  calcification,  attention  must  be  directed  to  the  condition  of  the  general 
metabolism,  even  when  no  metastasis  of  lime  is  present.  It  is  assumed  that 
local  necrosis  leads  to  calcification  only  when  large  quantities  of  lime-salts  are 
taken  up  by  the  blood.  In  many  animals,  such  as  rabbits  or  ruminants,  whose 
food  contains  a  large  quantity  of  lime-salts,  calcification  is  a  very  usual  conse- 
quence of  local  death  of  tissue. 


o^-j'^i 


Fig.  267. — Senile  calcification  of  the  renal  papilte.    Section  at  right  angles  to  the  course  of  the  uriniferous 
tubules.    The  lime  appears  partly  as  fine  scattered  granules,  partly  as  irregular  masses,    x  300. 


The  deposit  of  urates  which  accompanies  gout  is  of  great  practical  im- 
portance and  general  interest.  It  chiefly  selects  the  articular  cartilages  and 
ligaments,  the  tendon -sheaths  and  tendons,  the  subcutaneous  cellular  tissue 
and  the  kidneys.  The  deposits  consist  mainly  of  urate  of  soda,  sometimes 
accompanied  by  small  quantities  of  carbonate  or  phosphate  of  lime.  The 
gouty  deposits  in  the  articular  cartilages  may  be  easily  traced.  At  first,  fine 
needle-shaped  crystals,  sometimes  truncated,  separate  out  in  the  intercellular 
substance  of  the  cartilage  (Fig.  268).  The  cells  of  the  cartilage  show  no 
changes  at  first.  If  the  secretion  of  urates  becomes  more  extensive,  the  parts 
become  extremely  opaque ;  they  appear  dark  by  transmitted  light  (Fig.  269), 
but  brilliant  Avhite  by  reflected  light,  so  that  the  gouty  changes  can  be  easily 
recognised  in  the  tissues  with  the  naked  eye.  In  extreme  incrustation  with 
urates  the  incrusted  areas  of  tissue  die  and  thus  give  rise  to  further  dis- 
turbances. These  are  very  characteristic,  especially  in  the  joints,  as  will  be 
fully  described  afterwards. 

Gout  is  a  general  disturbance   of  metabolism,   in  which  unusually  large 
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quantities  of  uric  acid  are  formed  in  the  body.  The  uric  acid  is  then  deposited 
as  urates  in  the  situations  mentioned,  where  it  appears  to  be  the  cause  of  local 
necrosis  and  other  chanoes  in  the  tissue. 


'^^liv/n 


Fig.  268.— Deposit  of  needle-shaped  urates  iu  the  intercellular  substance  of  the  articular  cartilage  of  the 

knee,  x  1092. 

The  uric  acid  infarct  in  newly-horn  infants  must  be  distinguished  carefully 
from  gouty  deposits.     This    is    frequently  found  in  children  who  have  only 


Fig.  269. — Dense  deposit  of  urates  in  the  articular  cartilage  of  the  knee,  x  55. 


survived  their  birth  a  few  days,  as  yellowish-white  or  reddish-white  striated 
markings  on  the  renal  papillae.  These  are  due  to  finely  and  coarsely  granular 
secretions  of  urates  situated  in  the  uriniferous  tubules.     They  are  therefore  to 
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be  classed  among  the  free  concretions  and  stone  formations  (Fig  270)  which 
develop  in  the  liimina  of  the  tissue  spaces  and  of  the  glandular  ducts.  These 
uric  acid  infarcts  are  most  frequently  found  -within  the  first  two  weeks  of  life, 
less  frequently  in  the  foetal  period.  Since  they  do  not  occur  invariably,  they 
may  be  regarded  as  pathological  formations  indicating  a  slight  metabolic 
disturbance  (R.  Virchow,  W.  Ebstein). 

Concretions  are  spherical,  mulberry -shaped,  or  branching  bodies,  fre- 
quently laminated  or  radially  striated,  which  are  formed  free  in  the 
tissue  spaces,  in  the  lumina  of  the  vessels,  in  ducts  of  glands,  and  in 
cavities  lined  with  mucous  membrane.  Many  consist  only  of  organic 
albuminoid  masses,  like  the  corpora  amylacea  already  mentioned,  or  the  rice 
bodies  of  the  joints  and  peritoneal  cavity  which  are  formed  from  laminated 
masses  of  fibrin.  Very  often  the  organic,  albuminoid  nucleus  becomes  incrusted 
with  a  hard  substance  secreted  either  in  a  granular  or  in  a  crystalline  form. 

Brain  sand  is  made  up  of  small  calcareous  concretions  of  this  kind,  and  is 


Fio.  270. — Uric  acid  infarct  of  the  kidney.    Longitudinal  sectiuu  uf  ;i  straiglit  uriniferous  tubule  in  the  kidney 
of  a  child  who  died  three  and  a  half  days  after  birth.    Glandular  secretion  of  urates,     x  300. 


found  normally  in  the  pineal  gland.  Psammoma  of  the  dura  and  pia  mater 
and  the  choroid  plexus  are  largel)^  composed  of  this  substance.  Psammoma 
granules  are  very  calcareous  concretions,  concentrically  laminated,  and  sometimes 
also  showing  radial  striation  (Fig.  271).  If  the  lime  be  carefully  dissolved  out 
with  acids,  concentrically  laminated  spheres,  consisting  of  albuminoid  material, 
are  left  behind.  Besides  these  concentrically  laminated  concretions,  calcareous 
incrustations  of  connective  tissue  fibres  and  blood-vessels  are  present  in 
psammoma — that  is,  petrification  of  the  tissue  elements  (E.  Virchow,  J.  Arnold). 

Larger  masses,  easily  seen  with  the  naked  eye  and  containing  crystalline 
salts,  are  found  in  the  various  cavities  of  the  human  body.  To  this  class  belong 
the  calcified  thrombi,  already  mentioned,  which  are  found  in  the  blood-vessels, 
as  arferiolifhs  and  pMeboliths,  and  also  the  concretions  formed  in  the  intestine,  in 
the  efferent  duds  of  the  salivary  glands,  the  hile  ducts,  urinary  passages,  pireputial  sac, 
the  bronchi,  and  other  situations. 

The  investigations  as  to  the  fm-mation  of  gall-stones  are  of  great  importance  as 
regards  the  theory  of  the  formation  of  concretions.  These  are  very  rare  before 
the  thirtieth  year,  while  later  they  become  very  much  more  common,  so  that  they 
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are  found  in  25  per  cent  of  all  bodies  over  sixty  years  of  age,  the  disease 
being  considerably  more  common  in  women.  Gall-stones  are  from  two  to 
four  times  more  common  in  women  than  in  men.  These  facts  are  re2;arded 
as  indicating  that  bile  stasis  favours  the  occurrence  of  gall-stones,  since  it 
easily  causes  catarrh  of  the  bile  ducts.  This,  again,  leads  to  epithelial 
desquamation  and  to  exudation.  The  bile  becomes  highly  albuminous,  and 
the  albumen  in  the  bile  favours  the  deposit  of  bilirubin  in  combination  with 
calcium  salts,  as  Xaunyn  proved.  This,  together  with  the  desquamated 
epithelium,  forms  brown  amorphous  sediments  in  the  contents  of  the  gall- 
bladder, round  which  a  firm  shell  of  bilirubin  and  calcium  salts  is  subsequently 
deposited.  A  small  gall-stone  may,  accordingly,  enclose  a  cavity.  This  is 
afterwards   filled  up  by  cholesterin  crystals,  while   new   layers  of  bilirubin, 


Fig.  271.— Sand  granules  from  a  psamrao-flbroma  of  the  clioroid  plexus,  x  515. 


calcium  salts,  and  cholesterin  become  applied  externally.  These  new  layers 
also  contain  albuminoid  masses,  so  that,  after  the  crystalline  constituents  of 
the  gall-stone  are  dissolved  out,  an  organic  framework  remains  behind  which 
shows  the  same  radial  and  concentric  striation  as  appears  on  the  broken  or  cut 
sui'faces  of  most  srall-stones. 

These  facts,  which  have  recently  been  thoroughly  Avorked  out  by  Naunyn, 
throw  great  light  on  the  process  of  the  free  formation  of  calculi.  They  seem 
to  suggest,  however,  that  the  formation  of  gall-stones  is  also  influenced  by  local 
and  general  disturbances  of  metabolism.  It  is  true  that  a  generous  or  poor 
diet  does  not  perceptibly  influence  the  proportion  of  cholesterin  or  lime  in 
the  normal  bile  ;  but,  on  the  other  hand,  the  fact  remains  that  the  composition 
of  the  gall-stones  shows  great  difference.  Most  gall-stones  are  made  up  mainly 
of  cholesterin,  some  mainly  of  the  bile  pigments,  bilirubin  and  biliverdin,  and 
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others,  again,  mainly  of  carbonate  of  lime.  These  differences  indicate  that  other 
causes  besides  those  I  have  mentioned  come  into  play  in  the  formation  of  gall- 
stones, and  amongst  these  the  most  immediate  are  local  disturbances  of 
the  function  of  the  liver  and  general  disturbance  of  metabolism,  which 
influence  the  formation  of  bile.  It  can  be  supposed  that  slight  variations 
in  the  composition  of  the  bile  might  produce  slight  irritative  conditions  in 
the  wall  of  the  biliary  passages  and  the  gall-bladder,  and  that  desquamated 
epithelium  and  exuded  albumen  in  the  bile  would  then  bring  about  the 
changes  just  described,  viz.  deposition  of  bilirubin,  calcium  salts,  cholesterin, 
and  the  formation  of  calculi.  This  point  of  view  explains  the  increasing 
frequency  of  gall-stones  as  age  advances,  and  their  more  frequent  occurrence 
among  women,  in  whom  a  sedentary  mode  of  life  and  the  occurrence  of 
pregnancy  offer  many  more  chances  for  disturbance  of  the  secretion  of  bile. 


Fig.  272.— Gall-stoues.    n,  6,  c,  Cholesterin  stones,    n,  Calculus  passed  per  anum  ;  r/,  consisting  of  urates  ;  e, 
formed  from  cholesterin  and  pigment ;  /,  stone  formed  of  pigmented  calcareous  matter.    Natural  size. 

In  the  formation  of  vesical  calculi  the  influence  of  general  metabolic  disturb- 
ances is  much  more  apparent  than  in  the  formation  of  biliary  calculi.  Vesical 
calculi  present  very  varied  forms,  as  sand  or  gravel,  or  as  rounded,  flat,  or 
irregular  calculi,  sometimes  faceted  by  friction,  varying  from  the  size  of  a 
linseed  to  that  of  a  Avalnut,  occurring  in  the  pelvis  of  the  kidney,  the  ureters, 
the  bladder  (Fig.  273),  or  lastly,  as  branching,  stony-hard  casts  of  the  pelvis  and 
calices  of  the  kidney  (Fig.  274). 

Vesical  calculi  also  consist  of  a  framework  of  albuminoid  substance,  in 
Avhich  a  quantity  of  salts  are  deposited  in  a  crystalline  form.  These  are,  as  a 
rule,  not  perfectly  pure,  but  mixed  in  many  varying  proportions.  The  principal 
constituents  of  the  following  main  varieties  of  vesical  calculi  can,  however,  be 
distinguished  : — 

(1)  Uric  acid  calculus,  made  up  chiefly  of  uric  acid  or  urates  of  soda,  lime, 
ammonia,  or  magnesia. 


a 


Fig.  278. — Vesical  calculi,  a,  Uratic  calculus ;  6,  calculus  with  small  nucleus  m  the  centre  consisting  of 
urates  ;  the  remainder  is  chieily  oxalate  of  lime,  mingled  at  the  periphery  ivith  a  great  quantity  of  phos- 
phate of  lime ;  c,  nucleus  of  urates,  the  thick  peripheral  layer  formed  of  phosphate  of  lime ;  d,  three  cal- 
culi from  the  bladder,  distinctly  faceted  by  friction,  probably  formed  of  ammonio-magnesium  phosphate  and 
lime-salts,  a,  b,  c.  The  calculi  have  been  sawn  through,  and  the  sawn  surfaces  exposed ;  d,  unaltered, 
natttral  condition.    Natural  size. 
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(2)  Phosphatic  calculus,  chiefly  consisting  of  phosphate  of  lime  and  ammonio- 
magnesium  phosphate. 

(3)  Calcium  carbonate  calculus,  formed  of  carbonate  of  lime. 

(4)  Calcium  oxalate  calculus,  of  oxalate  of  lime. 

(5)  Cystin  calculus,  of  cystin. 

(6)  Xanthin  calculus,  of  xanthin. 

Many  of  these  calculi,  those  consisting  of  phosphates  especially,  are 
evidently  due  to  catarrhal  processes  in  the  mucous  membrane  of  the  urinary 
passages.  In  alkaline  fermentation  of  the  urine,  the  phosphates  of  the  urine 
separate  out  and  become  converted  into  ammonio-magnesium  phosphates.  This 
crystalline  excretion  then  begins  to  incrust  shed  epithelial  cells,  flakes  of  mucus, 
and  sometimes  foreign  bodies  which  have  passed  into  the  bladder  from  without. 
Large  concretions  are  subsequently  formed  by  further  incrustation  with  salts. 
Calculi  do  not  form  in  every  long-continued  catarrh,  however,  so  that  other 
peculiarities  are  also  present  which  are  not  yet  fully  explained.  These 
jDeculiarities  are  perhaps  dependent  upon  the  consistence  of  the  renal  secretion, 

and  therefore  upon  general  metabolism. 
In  other  cases,  diverticula  of  the  bladder, 
in  which  shed  epithelium,  mucus,  and  sedi- 
ment are  retained  for  a  long  time,  favour 
the  formation  of  calculi. 

Urate  of  ammonium  and  oxalate  of 
lime  are  not  normal  constituents  of  urine, 
but  are  products  of  decomposition  which 
occur,  the  one  in  alkaline,  the  other  in  acid 
fermentation  of  the  urine.  The  presence 
of  one  or  other  of  these  substances  in  renal 
calculi,  therefore,  gives  some  grounds  for 
the  supposition  that  catarrhal  processes  are 
partly  concerned  in  the  formation  of  calculi. 
The  very  varying  course  of  such  catarrhs 
would  also  explain  why  renal  calculi  are 
so  often  made  up  of  concentric  laminae 
of  substances  which  diff'er  chemically 
and  physically,  and  why  renal  calculi  of 
different  composition  occur  in  the  same 
patient.  Gaultier  de  Chaubry,  for  example,  found  a  renal  calculus  made  up  of 
uric  acid  and  phosphate  of  lime  in  the  pelvis  of  one  kidney  in  a  dead  body, 
and  in  the  pelvis  of  the  other  kidney  four  calculi  made  up  of  oxalate  of  lime  and 
uric  acid. 

For  formation  of  calculi  in  the  urinary  passages,  peculiarities  of  the  general 
metabolism  are  of  great  importance.  This  is  easily  seen  from  the  fact  that 
calculi  of  the  bladder  and  kidney  occur  in  children  under  circumstances  which 
exclude  catarrh  dependent  upon  external  infection.  It  may  be  that  abnor- 
mally-constituted renal  secretion  causes  certain  irritative  conditions  of  the 
mucous  membrane  in  the  urinary  passages,  which  give  rise  to  shedding  of  the 
epithelium,  exudation,  and  the  formation  of  calculus.  In  this  case,  however, 
disturbance  of  metabolism  is  the  determining  etiological  factor.  This  usually 
leads  to  a  very  great  formation  of  uric  acid  and  urates.  It  is  on  this  ground 
that  Ebstein  connects  the  formation  of  calculi  in  the  urinary  passages,  on  the  one 
hand  with  the  uric  acid  diathesis  of  the  newly-born  child,  as  manifested  by  the 
uric  acid  infarcts  already  described,  and,  on  the  other  hand,  with  gout.     As  a 


Fig.  274. — Branching  calculus  in  the  pelvis  and 
calices  of  the  kidney.  The  kidney  incised 
from  the  convex  surface.  One-half  natural 
size. 
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matter  of  fact,  very  many  vesical  calculi  do  consist  of  uric  acid  and  urates,  or 
contain  a  smaller  or  larger  nucleus,  made  up  of  urates  (Fig.  273).  In  conse- 
quence of  aggravation  of  the  catarrhal  processes,  layers  of  phosphates  or 
oxalates  of  varying  thickness  may  be  deposited  on  these  nuclei. 

The  formation  of  cystin  calculi  also  originates  in  disturbances  which  take 
place  outside  the  urinary  system.  Baumann  and  v.  Udransky  showed  that 
abnormal  decompositions  of  albumen  in  the  intestine,  due  to  bacterial  action, 
produced  the  conditions  for  secretion  of  cystin  in  the  kidneys.  Ebstein  and 
Nicolaier  were  also  able  to  produce  concretions  of  oxamide  in  the  urinary 
passages  in  dogs  and  rabbits  by  feeding  the  animals  with  oxamide. 

All  these  facts  bear  witness  to  the  great  importance  of  disturbances  of 
metabolism  in  regard  to  the  formation  of  calculi.  Disturbance  of  metabolism, 
however,  does  not  in  itself  lead  to  formation  of  calculi.  This  only  occurs  when 
the  metabolic  disturbance,  or  some  other  exciting  cause  of  disease  of  external 
origin,  gives  rise  to  pathological  conditions  of  the  mucous  membranes,  which 
provide  the  organic  albuminoid  basis  for  the  concretions.  Eegarded  in  this 
light,  the  organic  albuminoid  framework  found  in  the  concretions  is  of  very 
great  importance  in  the  formation  of  calculi.  This  organic  framework  and  its 
relation  to  catarrhal  conditions  did  not  escape  the  notice  of  the  older  chemists 
and  pathologists.  As  early  as  1818  Joh.  Friedr.  Meckel  spoke  of  the  possi- 
bility of  the  "animal  mixed  substance"  causing  the  cohesion  of  certain  substances, 
i.e.  the  deposit  of  crystalline  salts.  It  was  the  Avork  of  Ebstein,  Posner,  Naunyn, 
Studensky,  and  others,  however,  that  first  clearly  traced  the  action  of  the  organic 
(generally  albuminous)  basis  or  stroma  of  the  concretions.  From  these  authors 
it  was  learned  that  albuminous  substances  can  separate  out  crystalline  salts 
from  their  solutions,  in  the  same  way  as  the  albumen  of  the  hen's  egg,  accord- 
ing to  Steinmann's  discovery,  separates  carbonate  of  lime  from  various  solu- 
tions of  lime-salts. 
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VII.   Albuminous  and  Fatty  Degeneration 

Albuminous  degeneration  was  regarded  by  Virchow  as  a  parenchymatous 
inflammation,  and  termed  by  him  cloudy  swelling.  The  cells  were  supposed,  as 
a  consequence  of  inflammatory  irritation,  to  absorb  so  much  more  nutriment 
than  usual,  that  distui-bance  of  the  internal  structure  of  the  cells  subsequently 
occurred  and  their  further  existence  was  endangered. 

There  is  no  doubt  that  the  theory  of  inflammation  in  some  of  its  most 
essential  points  is  at  variance  Avith  the  results  of  inductive  research.  It  is  no 
longer  a   sufficient   explanation    of    the    causes    of    pathological    disturbances. 
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Apart  from  the  theory  of  inflammation,  however,  Yirchow's  doctrines  are 
of  great  importance.  They  have  ch-awn  attention  to  the  fact  tliat  many  dis- 
turhances  of  nutrition  of  the  tissues  are  manifested  by  disturbances  of  the  physical  and 
chemical  structure  of  the  cell  protoplasm,  the  cell  nucleus,  and  the  histological  elements 
of  the  intercellular  substance.  The  progress  which  has  since  been  made  in 
phj^siology  and  pathology  makes  it  possible,  however,  to  define  more  accurately 
the  relations  of  albuminous  and  fatty  degenerations  to  general  and  local  meta- 
bolic disturbances,  and  thus  to  obtain  a  precise  idea  of  their  meaning.  It  will 
thus  appear  that  cloudy  swelling  is  not  the  result  of  over-nutrition,  but  rather 
of  a  relatively  insufficient  absorption  of  nutritive  material. 

Albuminous  degeneration  takes  the  form  of  a  retrogressive  tissue  change, 
manifested  by  the  appearance  of  granular,  albuminous,  or  albuminoid  degenera- 
tive products.  The  tissue  elements  accpiire  a  cloudy  appearance  from  the  finely 
molecular  albuminoid  substances  secreted.  Associated  with  the  cloudiness  of 
the  tissue  elements  there  is  frequently  an  increase  in  their  volume.  The 
functions  of  the  tissues  and  tissue  elements  may  be  fairly  maintained  at  first, 
although  they  are  more  or  less  disturbed.  The  pathological  disturbances  may 
subside  and  give  place  to  the  normal  condition  again ;  but,  under  certain  cir- 
cumstances, they  increase  and  lead  to  local  death  of  tissue  or  to  death  itself. 

These  changes  chiefly  affect  the  cells,  especially  those  whose  specific  function 
is  chemical,  such  as  the  glandular  cells  of  the  liver  or  kidney,  the  epithelial 
coverings  of  the  mucous  membranes,  the  muscles,  etc.  All  those  cells  whose 
specific  function  is  chemical  may  be  called  parenchymatous  cells,  beai'ing  in  mind 
that  contraction  of  a  muscle  must  also  be  regarded  as  a  chemical  process,  in 
which  chemical  energy  is  transformed  into  heat  and  mechanical  work.  It  Avill 
thus  be  easily  understood  that  it  is  in  the  cells  Avhich  have  a  specific  chemical 
function  that  pathological  processes  which  lead  to  change  of  the  chemical 
structure  of  the  cells,  and  to  the  deposit  of  granular,  albuminous,  and  albuminoid 
molecules,  are  relatively  often  observed. 

Albuminoid  degeneration  occurs  also,  however,  in  the  cells  which  form  the 
stroma.  Those  are  cells  which  compose  tissue  whose  specific  function  is 
mechanical,  viz.  intercellular  substance  or  stroma,  cartilage,  bone,  and  related 
forms  of  connective  tissue. 

The  third  and  last  form  of  cell  to  be  mentioned  is  the  moving  cell,  i.e.  the 
cells  of  the  blood  and  lymph,  the  wandering  cells  of  connective  tissue  and 
epithelium.  Under  certain  conditions  these  also  undergo  albuminous  degenera- 
tions, as  has  already  been  mentioned  in  speaking  of  the  formation  of  yellow 
creamy  pus. 

Lastly,  it  must  be  mentioned  that,  in  many  cases,  the  intercellular  substance 
also  shows  albuminous  degeneration. 

Some  examples  will  explain  what  has  been  said.  In  albuminous  degenera- 
tion or  cloudy  sAvelling  of  the  liver  cells,  these  undergo  an  increase  in  bulk 
which  may  be  demonstrated  by  the  micrometer,  but  may  be  recognised  in  a 
simpler,  although  not  very  accurate  manner,  by  the  increase  in  bulk  of  the  whole 
organ.  The  protoplasm  of  the  cells  at  the  same  time  becomes  cloudy  and  very 
finely  granular.  In  normal  liver  cells  the  protoplasm  is,  of  course,  finely 
granular,  but  it  is  so  transparent  that  the  nucleus  lying  in  the  protoplasm  may  be 
distinctly  seen  in  a  fresh  section  without  any  further  aid  from  reagents.  If 
some  cells  be  scraped  off"  Anth  a  knife  from  a  fresh  surface  of  a  liver  affected  with 
albuminous  degeneration  and  spread  out  in  physiological  salt  solution,  the 
protoplasm  of  the  cell  will  prove  to  be  so  cloudy  that  the  cell  nucleus  is  only 
indistinctly  visible  (Fig.  275).     The  chemical  nature  of  the  gi^anules  is  brought 
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out  very  simply  by  replacing  the  physiological  salt  solution  (|  per  cent)  under 
the  cover-glass  by  1  per  cent  acetic  acid  solution.  The  cells  immediately  clear 
up,  the  granular  appearance  vanishes,  while  the  nuclei  appear  sharp  and  distinct. 
The  granules  are  therefore  soluble  or  swell  up  in  dilute  acetic  acid,  but  ai'e 
insoluble  if  alcohols  and  ethereal  oils,  which  dissolve  fat,  are  made  use  of.  From 
these  experiments  it  is  usually  concluded  that  the  cloudiness  of  the  cell  proto- 
plasm does  not  consist  of  fat,  but  of  albuminous  or,  at  least,  albuminoid  granules. 

The  increase  of  bulk  in  the  cells  in  cloudy  swelling  is,  as  a  rule,  referred  to 
absorption  of  water  and  described  as  simple  swelling.  In  many  cases  the  cell 
nucleus  also  suffers  alterations.  It  swells  up  or  disappears  completely.  Finally, 
it  may  happen  that  the  whole  cell  breaks  doAvn ;  but,  in  such  cases,  it  is  very 
commonly  found  that  fat  granules  are  also  present  as  products  of  degeneration, 
as  well  as  the  albuminous  molecules.  As  the  result  of  the  pathological  processes 
just  described,  the  whole  liver  appears  more  or  less  enlarged,  cloudy,  and, 
in  addition,  contains  less  blood  than  usual,  since  the  enlarged  cells  exert  pres- 
sure upon  the  capillaries  and  therefore  drive  blood  out  of  the  liver  after 
death. 

The  conditions  in  albuminous  degeneration  and  cloudy  swelling  of  the 
kidney  are  exactly  similar.  The  kidney  appears  relatively  large,  white,  and 
cloudy.  Microscopically,  an  increase  of  the  external  diameter  of  the  urinary 
tubules  may  be  more  or  less  distinctly  re- 
cognised, especially  in  the  convoluted  and 
looped  tubules.  Since  the  thickness  of  the 
epithelial  lining  of  the  urinary  tubules  has 
increased,  there  can  be  no  doubt  whatever 
that  the  epithelial  cells  of  the  convoluted 
tubules  have  become  enlarged.  The  normal 
columnar  arrangement  of  the  epithelial  cells 
is  lost.  The  cell  protoplasm  (Fig.  276,  B) 
appears  granular.  The  epithelial  cells  are 
separated  from  each  other  more  distinctly 
than  normally,  and  project  with  a  convex 
surface  into  the  free  lumen  of  the  canal. 

The  cloudy  SAvelling  and  albuminous 
creasing  and  lead  to  local  necrosis.  A  varying  number  of  epithelial  cells  die, 
and,  in  consequence,  lose  their  nuclei  (nuclear  disappearance).  Fig.  276,  C, 
which  is  intended  to  show  these  conditions,  was  taken  from  an  old  man  who 
had  swallowed  a  large  quantity  of  5  per  cent  carbolic  acid,  and  who  died  a  few 
days  later. 

The  conditions  which  produce  albuminous  degeneration  will  not  be  fully 
considered  at  present.  The  causes  which  give  rise  to  albuminous  degeneration 
agree  in  so  many  points  with  the  causes  of  fatty  degeneration  that  it  will  be 
better  to  discuss  the  two  tooether. 

Fattij  degeneration  is  essentially  a  retrogressive  tissue  change,  similar  to  albu- 
minous degeneration.  It  is  distinguished  from  this,  in  the  first  place,  by  the 
fact  that  the  products  of  degeneration  prove  to  be  fat  when  examined  chemically. 
It  often  happens  that  in  addition  to  albuminous  degeneration  fatty  molecules 
are  present  to  a  greater  or  less  extent  in  the  connective  tissue,  in  the  form  of 
fat  droplets.  The  latter,  as  a  rule,  are  very  small  and  numerous,  but,  under 
certain  circumstances,  somewhat  larger  fat  drops  are  seen. 

A  high  degree  of  fatty  degeneration  may  lead  to  complete  disintegration  of 
the  tissues  into  fatty  and  albuminoid  molecules,  while  a  slight  degree  sometimes 


Fig.  27j. — a.  Normal  liver  cells  ■\vitli  pigment 
granules  ;  6,  cloudy  swelling  of  tlie  liver  cells 
in  typhoid  fever,    x  COO. 
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Fig.  276. — A,  Normal,  convoluted  urinary  tubule  of  the  Imman  kidney,  showing  columnar  arrangement  and 
striated  border.  Section  hardened  by  injecting  the  blood-vessels  with  5  per  cent  solution  in  spirit  of  burnt 
chloride  of  calcium.  Stained  in  methyl-green.  23,  Cloudy  swelling  of  the  epithelium  of  the  convoluted 
urinary  tubules  in  puerperal  septicaemia.  C,  Cloudy  swelling  of  the  epithelium  of  the  convoluted  urinary 
tubules,  with  disappearance  of  the  nuclei,  from  acute  carbolic  acid  poisoning,    x  600. 
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In  conclusion,  it  must  be  mentioned  that  fatty  degeneration,  like  al- 
buminous degeneration,  chiefly  involves  the  cells  which  form  the  parenchyma, 
but  does  not,  however,  spare  the  remain- 
ins;  tissue  elements. 

The  parenchyma  cells  in  a  liver 
with  fatty  degeneration  are  considerably 
enlar2;ed  and  infiltrated  with  numerous 
fat  droplets.  These  droplets,  which  are 
distinguished  by  their  great  clearness 
and  highly  refractile  power,  attain  quite 
a  considerable  size  in  many  cases,  in 
acute  phosphorus  poisoning,  for  instance 
(Fig.  277,  a),  although  they  are  much 
less  than  the  cell  itself.  If  the  fat 
be  dissolved  in  alcohol  and  ether,  or 
better,  if  the  section  be  carried  through 
alcohol,  origanum  oil,  and  Canada  balsam  after  appropriate  staining,  the  proto- 
plasmic stroma  of  the  cells  is  left  behind,  studded  with  numerous  spaces  left 
by  the  fat  drops  (Fig.  277,  h).  This  protoplasm  is  then  seen  to  be  more  or 
less  clouded,  as  a  rule,  by  albuminous  granules.     It  may  also  have  a  varying 


Fig.  277. — Fatty  degeneration  of  the  liver  cells,  a, 
Liver  cell  of  a  man  who  died  of  acute  phosphorus 
poisoning,  examined  in  neutral  salt  solution  ;  b, 
the  same  after  solution  of  the  fat  in  alcohol  and 
origanum  oil ;  c,  liver  cell,  with  fatty  degenera- 
tion, from  a  woman  who  died  of  septico-pyajmia. 
In  neutral  salt  solution,     x  600. 


Fio.  278. — Fatty  and  albuminous  degeneration  of  the  epithelium  of  the  convoluted  tubules. 

amyloid  kidney,  x  600. 


Large  white 


amount  of  pigment.  In  other  cases  of  fatty  degeneration  of  the  liver  cells,  in 
septico-pya3mia,  for  instance  (Fig.  277,  c),  the  fat  droplets  are  usually  smaller 
and  only  appear  as  glistening  points  which  conceal  the  cell  nucleus  more  or 
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less  completely.  The  nucleus  can  still  be  demonstrated  by  means  of  suitable 
stains  or  the  addition  of  acetic  acid.  It  is  only  in  severe  forms  of  disease, 
such  as  acute  yellow  atrophy,  that  the  cell  nucleus  also  disappears  and  the 
whole  cell  breaks  up  into  albuminous  and  fatty  granules. 

The  appearances  of  fatty  degeneration  in  the  epithelium  of  the  convoluted 
tubules  of  the  kidneys  are  quite  similar.  Here,  under  certain  circumstances, 
the  individual  cells  increase  greatly  in  size.  In  order  to  make  this  apparent, 
Fig.  278  has  been  drawn  to  the  same  scale  as  the  normal  and  degenerated 
tubules  in  Fig.  276. 

The  muscle  fibres  of  the  heart  also  very  frequently  undergo  fatty  degenera- 
tion. The  heart-muscle  appears  pale,  yellowish,  and  cloudy,  or  flecked  with 
j-elloAV.  Microscopically,  the  transverse  and  longitudinal  striation  of  the  muscle 
is  indistinct,  and  the  nuclei  of  the  muscle  cell  are  also  usually  indistinct,  being 
visible  only  on  the  addition  of  1  per  cent  acetic  acid  (Fig.  279).  On  the 
other  hand,  more  or  less  numerous  fat  droplets  appear  in  the  muscles,  arranged 
in  long  rows  corresponding  to  the  longitudinal  striation  of  the  muscle.  This 
change  is  very  important,  as  it  indicates  a  high  degree  of  weakening  of  the 
heart-muscle,  and  not  infrequently  brings  about  serious  circulatory  disturbances 
and  a  consequent  fatal  termination. 

It  need  hardly  be  said  that  this  is  not  the  place  to  describe  fatty  and 
albuminous  degenerations  in  all  the  separate  organs.  On  the  other  hand,  it 
will  be  of  great  interest  to  examine  briefly  the  general  conditions  which  produce 
these  degenerations. 

At  the  first  glance,  these  conditions  seem  very  manifold.  The  fatty 
degeneration  of  the  heart,  just  mentioned,  is  observed  in  excessive  strain  on 
the  heart,  especially  the  severe  strains  which  take  place  as  a  result  of  disease 
of  the  vessels  and  cardiac  valves.  The  fatty  degeneration  of  the  heart-muscle 
in  this  case  appears  to  be  the  result  of  a  more  or  less  local  disturbance.  The 
same  degenerations,  however,  are  found  in  the  heart-muscle  in  many  general 
diseases,  especially  in  intoxications  (phosphorus  poisoning,  for  instance),  in 
general  infections,  typhoid,  septico-pya^mia,  etc.,  and  lastly,  in  certain  chronic 
disturbances  of  metabolism  which  impair  the  nutrition  of  the  heart-muscle, 
anaemia,  leukaemia,  etc. 

In  slight  degrees  of  these  disturbances,  or  when  the  course  is  very  acute, 
the  fat  molecules  are  not  infrecjuently  absent.  On  the  other  hand,  the  heart- 
muscle  appears  flaccid,  cloudy,  and  pale  to  the  naked  eye  ;  while  the  microscope 
only  reveals  albuminous  clouding  of  the  muscle  fibres  and  loss  of  sharpness  of 
the  transverse  and  longitudinal  striation.  The  muscle  fibres  may,  at  the  same 
time,  undergo  transverse  division,  as  was  mentioned  previously  in  speaking  of 
general  circulatory  disturbances,  the  divisions  corresponding  to  the  boundaries 
of  the  muscle  cells  of  which  the  fibres  are  made  up  (Fig.  280). 

Finally,  it  ought  to  be  mentioned  that  albuminous  and  fatty  degenerations 
of  the  heart-muscle  also  appear  as  the  result  of  local  ischsemias,  when  these  occur 
after  non-septic,  embolic  occlusion  of  a  vessel.  Small  areas  of  softening  then 
appear,  within  which  the  degenerating  muscle  fibres  completely  break  down 
(myomalacia  cordis  circumscripta). 

The  conditions  which  produce  fatty  and  albuminous  degenerations  in  the 
other  parts  of  the  body  are  similar.  These  conditions  have  this  in  common, 
that  they  indicate  a  disturbance  of  the  tissue  nutrition  in  which  there  is  a  want 
of  proportion  between  assimilation  and  use. 

Albuminous  and  fatty  degenerations  are  the  results  of  local  or  general  metabolic 
disturbances. 
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These  local  disturbances  of  metabolism  are  brought  about,  in  some  of  the  cases, 
by  local  disturbances  of  the  circulatmi,  limiting  the  supply  of  nutriment,  e.g.  ischa?mia, 
congestion,  stasis,  embolism,  and  thrombosis.  In  other  cases  it  is  brought  about 
(as  was  already  assumed  by  Virchow  in  regard  to  fatty  degeneration,  and  is 
now  known  to  be  true  of  albuminous  degeneration  also)  by  increase  of  the 
function  of  the  organ,  necessitating  such  a  great  increase  of  nutriment,  that 
this  cannot  be  fully  supplied  by  assimilation  from  the  blood.  Finally,  the  local 
actions  of  toxic  and  infective  poisons  must  be  mentioned,  since  they  disturb  the 
metabolism  of  the  tissue.  These  actions  explain  why,  for  instance,  many 
sensitive  tissues  degenerate  in  the  neighbourhood  of  suppurating  foci. 

The  general  disturbances  of  metabolism  which  cause  albuminous  and  fatty 
degeneration  may  be  similarly  divided.     In  one  set  of  cases,  the  nutrient  muteritd 
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Fig.  279. — Fatty  degeneration  of  the  muscle  fibres 
of  the  heart. 
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Fig.  280. — Transverse  division  and  albuminous 
clouding  of  the  muscle  fibres  of  the  heart. 


brought  to  the  tissues  does  not  suffice  to  maintain  their  nwmal  functions.  The 
albumen  of  the  tissue  elements  is  then  attacked  and  used  up  to  a  varying 
extent.  In  this  class  simple  inanition,  or  loss  of  nutrition,  is  included.  The 
latter  leads,  in  the  first  place,  to  a  diminution  in  the  weight  of  the  whole  body. 
According  to  the  researches  of  BischofiF,  Voit,  Pettenkofer,  Panum,  Subbotin 
and  others,  this  is  mainly  due  to  the  nearly  complete  disappearance  of  the  fatty 
tissue  and  to  considerable  diminution  in  the  weight  of  the  blood,  muscles,  liver, 
spleen,  testicle,  and  kidneys  ;  while  other  organs,  such  as  the  heart,  brain, 
spinal  cord,  eyes,  and  bones,  only  slightly  alter  their  weight.  The  loss  of 
weight  in  the  organs  is  due,  at  first,  to  simple  loss  of  volume  of  the  tissue 
elements  without  simultaneous  alteration  in  the  tissue  structure.  In  the  later 
periods  of  inanition,  however,  the  conditions  alter,  insomuch  as  albuminous 
and  fatty  degeneration  is  now  present,  especially  in  the  liver  and  kidneys 
(Manassein).     Even  in  the  first  days  of  inanition,  the  fat  and  albumen  of  the 
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tissues  are  drawn  upon  to  serve  for  the  nourishment  of  the  body.  The  fat 
disappears  from  adipose  tissue  and  from  other  organs.  The  store  of  albumen 
in  the  tissues  is  lessened.  It  is  only  when  this  albuminous  disintegration 
becomes  considerable,  that  it  gives  rise  to  microscopically  visible  alterations  in 
the  physical  and  chemical  structure  of  the  tissues,  i.e.  to  the  appearance  of 
albuminous  and  fatty  degeneration. 

The  same  reasons  will  explain  why  in  anaemic  conditions,  especially  in 
pernicious  aniemia,  leukaemia,  and  allied  forms  of  disease,  albuminous  and  fatty 
degenerations  occur  in  the  liver,  the  kidneys,  the  muscles,  and  the  heart.  In 
many  of  these  pathological  conditions,  however,  abnormal  poisonous  metabolic 
products  might  form  in  the  body,  and  cause  the  degenerations  to  become  very 
marked  and  to  show  many  anomalies  in  their  localisation. 

The  second  group  of  general  metabolic  disturbances  leading  to  albuminous 
and  fatty  changes  in  the  organs  now  to  be  mentioned,  are  certain  cases 
of  considerable  increase  of  function,  and  thus  also  of  demand  for  nutrition,  as 
opposed  to  a  decreased  or  disturbed  supply  of  nutriment.  These  are  the 
pyrexial  rises  of  temperature.  The  causes  of  di=?ease  which  give  rise  to  fever  are 
chiefly  the  infective  poisons.  If  the  temperature  of  the  interior  of  the  body  is 
raised  in  consequence  of  such  infections,  it  may  happen  that  the  blood-vessels 
of  the  skin  may  contract,  especially  in  the  early  stages,  so  that  the  skin  be- 
comes cool  and  gives  off"  less  heat  externally.  The  temperature  of  the  body 
then  rises  very  rapidly.  Such  an  arrest  of  radiation  is,  however,  only  tem- 
porary. The  determining  cause  of  pyrexial  rise  of  temperatures  is  to  be  found 
mainly  in  an  increased  heat-production.  This,  however,  takes  place  under 
circumstances  which  may  be  described  as  very  considerable  disturbances  of 
the  general  metabolism,  and  which  are  also  very  frequently  associated  with 
considerable  disturbances  of  consumption,  digestion,  and  absorption  of  nutri- 
ment. It  is  therefoi'e  easily  understood  that  albuminous  and  fatty  degenerations 
may  occur  in  the  organs,  and  that  these  degenerations  should  be  chiefly  marked 
in  those  organs  which,  Avhen  the  body  is  at  rest,  form  the  main  source  of  heat, 
viz.  in  the  heart-muscle  and  liver.  A  further  cause  is  yet  to  be  mentioned  in 
regard  to  these  albuminous  and  fatty  degenerations  occurring  in  consequence 
of  febrile  infections,  and  that  is  the  poisonous  action  of  the  metabolic  products 
of  the  pathogenic  microbes  and  the  diseased  body. 

As  a  matter  of  fact,  many  acute  and  chronic  intoxications  do  cause  albumin- 
ous and  fatty  degenerations  of  the  heart-muscle,  liver,  kidneys,  and  other 
organs,  as  has  already  been  mentioned.  The  best  known  in  this  connection 
are  phosphorus,  arsenic,  alcohol,  and  carbonic  oxide.  The  general  disturbances 
of  metabolism  caused  by  phosphorus  have  already  been  briefly  touched  upon  in 
the  description  of  the  intoxications  (p.  45).  In  this  case,  especially,  large 
quantities  of  albuminous  and  fatty  products  of  disintegration  are  formed,  to- 
gether with  leucin,  tyrosin,  sarcolactic  acid,  and  other  bodies  ;  leucin  and  tyrosin 
being  sometimes  separated  out  as  crystals  in  the  cadaver,  especially  in  the  liver. 
According  to  the  investigations  of  Storch,  Bauer,  A.  Frankel,  and  others,  fatty 
degeneration,  speaking  generally,  is  due  to  an  increased  disintegration  of 
albumen,  combined  with  a  simultaneous  diminution  of  the  process  of  oxidation. 
The  increased  breaking  down  of  albumen  shows  that  the  metabolism  is  more 
active,  and  the  diminution  of  oxidation  indicates  that  its  course  is  abnormal,  as 
is  also  shown  by  the  presence  of  unusual  metabolic  products. 

The  intoxications  constitute  the  third  group  of  general  metabolic  disturb- 
ances which  cause  albuminous  and  fatty  degeneration.  In  this  case  the  poisons 
accumulate  more  markedly  in  certain  organs  after  their  absorption  by  the  blood 
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and  lymph,  so  that  their  principal  effect  is  developed  in  these.  The  localisation 
of  the  degenerations  due  to  general  disturbances  may  then  present  some 
special  features.  This  is  to  be  specially  remembered  in  the  investigation  of 
acute  and  chronic  degenerative  diseases  of  the  kidney.  Many  poisonous 
metabolic  products,  due  to  pathogenic  microbes,  and  also  many  poisonous 
products  of  the  metabolism  of  the  body  itself,  are  excreted  by  the  kidneys. 
This  fact  would  therefore  explain  the  occurrence  of  many  severe  forms  of 
albuminous  and  fatty  degeneration  of  these  organs  which,  before  a  definite  idea 
of  their  mode  of  development  had  been  formed,  were,  as  a  rule,  called  in- 
flammations of  the  kidney. 

It  is  always  difficult  to  demonstrate  the  relation  between  the  histological 
appearances  and  the  chemical  changes  due  to  the  metabolism  of  the  tissues. 
Such  an  explanation  is,  however,  always  necessary,  and  is  indispensable  for 
the  comprehension  of  albuminous  and  fatty  degenerations.  The  results  which 
have  as  yet  been  obtained  may,  however,  be  stated  broadly  and  concisely  as 
follows  : — Albuminous  and  fatty  degenerations  occur  either  limited  to  individual 
organs  and  parts  of  organs,  or  affecting  a  number  of  organs  as  a  consequence  of 
local  or  general  disturbances  of  metabolism.  They  have  this  in  common,  that 
the  nutriment  brought  to  the  tissues  does  not  suffice  for  the  maintenance  of 
the  normal  or  pathologically  disturbed  function.  In  this  case,  the  albumen  of 
the  tissues  becomes  disintegrated,  and  this  disintegration,  when  it  exceeds  a 
certain  limit,  leads  to  alterations  of  the  physical  and  chemical  structure  of  the 
tissue  elements  Avhich  can  be  demonstrated  by  the  microscope,  viz.  to  albuminous 
and  fatty  degeneration.  Chemists  might  describe  the  disturbances  in  question 
as  disintegration  of  the  albumen  of  the  organs,  in  consequence  either  of  an 
alteration  in  the  quantity  of  albumen  in  circulation,  or  of  a  rapid  or  abnormal 
coui'se  of  the  metabolic  processes  in  the  tissues.  Inasmuch,  however,  as  it  is 
only  when  the  disintegration  of  the  albumen  of  the  organs  has  reached  a  very 
high  degree  that  it  gives  rise  to  microscopic  changes  in  structure,  it  may  be 
stated,  that  albuminous  and  fatty  degenerations  of  a  tissue  are  manifested  as 
structural  clmnges  in  the  tissue  elements,  occurring  either  locally  or  generally  and 
visible  under  the  miavscope,  which  correspond  to  advanced  disintegration  of  the 
albumen  in  the  organs,  and  which  may  be  produced  either  by  insufficient  sup>ply  of 
nutrient  material,  or  by  a  marked  acceleration  or  disturbance  of  the  course  of  the 
metabolic  processes  in  the  tissues. 

As  regards  the  termination  of  fatty  and  albuminous  degeneration,  it  has 
already  been  mentioned  that  disturbances  of  this  kind,  if  only  moderately  severe, 
might  pass  away  completely,  and  the  normal  structure  and  function  of  the  tissue 
elements  be  thus  restored  {restitutio  ad  integrum).  In  severe  forms  of  the  degenera- 
tion the  nuclei  frequently  disappear,  and  the  tissue  elements  break  down  com- 
pletely into  albuminous  and  fatty  molecules.  In  this  case,  also,  should  the  serious 
nature  of  disease  not  cause  death,  recovery  is  possible,  by  means  of  re- 
generation through  indirect  nuclear  and  cell  division.  As  a  rule,  this  regenera- 
tion is  very  complete,  if  not  hindered  by  any  special  condition  due  to  the 
disease.  For  regeneration  of  the  cells  which  form  the  parenchyma  in  the 
adult,  however,  it  is  necessary  that  some,  at  least,  of  the  original  cells  should 
have  escaped  death.  These  afterwards  form  the  source  of  new  generations 
of  parenchyma -forming  cells  with  similar  specific  functions.  If  there  are 
none  of  the  original  cells  left,  however,  the  regenerative  processes  are  re- 
stricted to  a  new  formation  of  young  connective  tissue,  afterwards  converted 
into  cicatricial  tissue.  According  to  the  local  extent  of  the  degenerative 
disintegration,  isolated   scars   or   diffuse    cicatricial   infiltration   of   the   organs 
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will    remain    to    indicate    the    previous    degenerative    disturbances    of     tissue 
nutrition. 
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VIII.  Fatty  Infiltration  and  Lipomatosis 

Fatty  degeneration  is  a  disintegration  of  the  tissue  elements  in  Avhicli  fat, 
in  the  form  of  fat  droplets,  is  separated  out,  together  with  other  products  of 


Fig.  2S1. — Fatty  inflltration  of  the  liver  cells,    a,  Normal  liver  cell ;  h-e,  different  stages  of  development 

of  fatty  infiltration,    x  600. 


disintegration.  In  fatty  infiltration  we  have  to  deal  also  with  the  appearance 
of  fat  droplets  in  the  tissues,  but  with  this  difference  that,  in  the  absence  of 
complication  with  other  diseases,  the  tissue  elements  at  first  present  no  further 
pathological  changes  in  structure. 

In  fatty  infiltration  of  the  liver  cells,  as  a  rule,  a  number  of  small  fat  droplets 
appear  in  the  cells  (Fig.  281,  h)  in  the  early  stage.  It  is  then  comparatively 
difficult  to  differentiate  such  a  cell  from  a  fattily  degenerated  cell,  if  it  is  not 
borne  in  mind  that,  in  fatty  infiltration,  the  protoplasm  of  the  cell  is  not 
cloudy.  The  differentiation  is  much  easier  in  a  more  advanced  stage,  since, 
in  fatty  infiltration  of  the  liver  cells,  the  individual  droplets  of  fat  soon  run 
together  and  form  a  single  large  drop  (Fig.  281,  c,  d,  e).  The  protoplasm  of 
the  liver  cell  then  forms  a  delicate  envelope  round  the  fat  drops,  containing  the 
cell  nucleus  at  one  point.  No  structural  change,  however,  can  be  demonstrated 
in  the  protoplasm  of  the  liver  cells.  The  function  of  the  liver  is,  accordingly, 
unaffected  in  moderate  degrees  of  fatty  infiltration ;  indeed,  it  is  in  healthy, 
well-nourished  individuals  that  this  infiltration  is  found.  Disturbances  of  the 
function  of  the  liver  only  occur  when  the  fatty  infiltration  is  very  great,  so 
that  the  great  quantity  of  fat  contained  in  the  liver  exerts  considerable  pressure 
on  the  liver  cells  and  the  walls  of  the  capillaries. 

The  conditions  present  during  the  formation  of  subcutaneous,  fatty  tissue 
and  the  cells  of  adipose  tissue  generally  are  similar.     In  the  loose  connective 
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tissue  under  the  skin  and  between  the  organs,  flat  and  round  connective  tissue 
cells  are  found  which  do  not  move  \  these  are  fixed  cells.  In  them,  just  as  in 
the  liver  cells,  fat  droplets  appear  which  quickly  become  confluent,  so  that 
fatty  tissue  is  made  up  of  nucleated  cells,  each  enclosing  a  very  large  drop  of 
fat.  These  processes  were  most  carefully  investigated  by  Flemming  after  Virchow 
had  previously  established  the  fundamental  facts.  These  collections  of  fat  are, 
in  the  first  place  at  least,  normal  occurrences  which  only  assume  a  pathological 
character  when  they  overstep  certain  limits. 

It  is  worthy  of  note,  however,  that  the  fat  present  in  the  cell  in  fatty 
infiltration  does  not  always  form  a  single  large  drop.  A  peculiar  yellow- 
coloured  fat,  in  the  form  of  very  small  drops,  is  normally  found  in  the  large, 
highly  protoplasmic  cells  of  the  suprarenal  body  and  the  corpus  luteum  of  the 
ovary.  These  drops  are  found  in  great  numbers  in  each  cell.  The  proof  that  this 
is  an  infiltration  with  fat  and  not  a  degeneration  is  to  be  looked  for,  in  this 
case,  in  the  condition  of  the  cell  protoplasm,  which  shows  no  appearance  of 
disintegration.     In  analogous  pathological   conditions  fat   occurs  in  the  same 


Fio.  2S2. — Xanthelasma  tuberosum.     Stained  with  hematoxylin.     The  fat  was  dissolved  out  with  alcohol  and 
origanum  oil  and  the  preparation  mounted  in  Canada  balsam.     x600. 

manner.  In  a  tumour  of  the  skin,  for  example,  called  xanthelasma,  a  very 
similar,  yellow-coloured  fat  is  secreted  in  the  form  of  numerous  small  droplets 
in  the  separate  cells.  The  fat  droplets  are  so  thickly  deposited  in  many  places 
that  it  is  difficult  to  recognise  the  cells.  These  stand  out  distinctly,  however, 
after  solution  of  the  fat  (Fig.  282),  and  then  appear  studded  with  numerous 
holes  which  previously  contained  the  fat  droplets.  The  preparation  represented 
here  is  from  a  large,  subcutaneous,  subserous  xanthelasma  of  the  elbow  from 
a  boy  of  twelve.  (The  tumour  was  more  thoroughly  described  in  the  disserta- 
tion of  Poensgen,  which  Avas  read  in  the  Pathological  Institute  at  Heidelberg.) 

It  is  not  known  whether  or  how  far  the  yellow  pigment  of  the  fat  in  these 
cases  hinders  the  confluence  of  the  fat  droplets  in  the  separate  cells.  The 
conclusions  arrived  at  by  physicists  as  to  the  emulsifying  of  fat  make  this 
appear  quite  possible.  They  show  also,  however,  that  the  composition  of  the 
media  surrounding  the  fat  droplets,  especially  the  amount  of  alkali  and  soap, 
is  of  great  importance  as  regards  the  emulsification  of  fat,  and  for  the  reunion 
of  droplets  which  have  previously  been  separated  (Gad,  G.  Quincke). 

In  fatty  infiltration  of  the  organs,  fat,  not  distinguished  by  any  unusual 
pigmentation,  is  found,  under  certain  circumstances,  in  the  form  of  numerous 
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fine  droplets  in  the  individual  cells,  as,  for  instance,  in  the  epithelial  cells  of 
the  convoluted  tubules  in  fatty  infiltration  of  the  kidney.  The  size  of  the  fat 
droplets  cannot  be  accepted  as  a  universally  reliable  criterion  between  fatty  infiltration 
and  fatty  degeneration.  The  only  distinctive  feature  is  the  coiulitimi  of  the  protoplasm 
of  the  cells,  which  shoivs  the  appearances  of  disintegration  in  fatty  degeneration,  but 
in  fatty  infiltration,  on  the  other  hand,  is  of  normal  structure  apart  from  its  fatty 
contents.  The  appearance  of  a  liver  cell  or  connective  tissue  cell  laden  with 
one  large  fat  drop  is  certainly  so  characteristic  that,  in  these  particular  cases, 
fatty  infiltration  may  be  recognised  without  difficulty.  Diagnosis  is  only  difficult 
when  fatty  infiltration  is  complicated  by  fatty  degeneration.  This  is  quite 
possible,  since  the  fat  alone  does  not  suffice  for  the  nutrition  of  the  tissues. 
The  large  accumulations  of  fat  deposited  in  fattily  infiltrated  tissues  are 
therefore  not  able,  under  all  circumstances,  to  protect  the  protoplasm  of  the 
cells  from  albuminous  and  fatty  degenerations. 

Similar  complications,  often  difficult  to  understand,  occur  with  special 
frequency  in  alcoholics.  In  chronic  alcoholism  the  alcohol  taken  is  used  up 
and  oxidised  in  the  tissues,  so  that  other  food  substances  are  stored  up.  Over- 
nutrition  frequently  occurs,  therefore,  and  may  be  manifested,  while  the  health 
is  still  undisturbed,  by  fatty  infiltration.  In  later  stages,  however,  when 
the  alcohol  (especially  the  amyl-alcohol  which  is  mixed  with  the  ethjd-alcohol) 
disturbs  the  nutrition  of  the  tissues,  or  when  acute  febrile  infections  and  other 
diseases  complicate  the  condition,  degenerative  processes  begin  in  the  tissues. 
It  can  be  understood  that  even  trifling  quantities  of  fat  produced  by  this 
degeneration  must  ver}'  soon  appear  in  cells  which  are  already  overladen  with 
fat.  The  histological  appearance  of  fatty  degeneration  appears,  therefore, 
at  a  very  early  stage,  under  certain  circumstances,  before  the  breaking  up  of 
the  albumen  has  yet  manifested  itself  as  albuminoid  degeneration. 

The  fat  due  to  the  degeneration  of  the  protoplasm  is,  however,  placed  under 
conditions  which  prevent  its  confluence  into  large  drops.  The  liver  cells, 
therefore,  still  show  the  large  drops  resulting  from  infiltration  ;  but,  at  the 
same  time,  numerous  fat  droplets  due  to  degeneration  are  found  in  the  granular 
protoplasm  of  the  cells. 

Although  it  is  necessary  to  mention  this  association  of  fatty  infiltration 
and  degeneration  in  considering  the  differential  diagnosis  between  the  various 
forms  of  fat  accumulation,  it  hardly  belongs  to  a  general  discussion  of  the 
elementary  pathological  disturbances.  It  is  necessary,  however,  to  point  out 
the  fact  that  fatty  infiltration  frequently  passes  off,  so  that  the  histological 
changes  described  are  gone  through  in  reverse  order.  The  fat  drops  deposited 
in  the  cells  become  smaller  and  disappear,  and  the  cells  return  to  their  original 
condition.  In  the  cells  of  the  liver  and  adipose  tissue  the  large  fat  drops 
break  up  before  they  completely  disappear  (Fig.  283).  Although  the  liver 
generally  seems  perfectly  normal  again  after  the  fat  disappears,  it  may  happen 
that  when  the  fat  vanishes  rapidly,  the  organ  may  assume  a  gelatinous  consistence 
from  the  great  accumulation  of  fluid  in  the  tissue  spaces.  This  also  occurs 
comparatively  often  in  the  fat  under  the  visceral  pei'icardium  and  in  that  of 
the  yellow  bone-marrow. 

It  was  the  investigations  of  Pettenkofer,  Voit,  Subbotin,  v.  Hofmann, 
J,  Munk,  and  others  that  laid  the  foundations  of  our  knowledge  of  the 
assimilation  of  fat  in  the  body.  On  the  strength  of  these  researches,  and  from 
what  has  been  learned  by  pathologists,  we  are  in  a  position  to  state  definitely 
the  most  important  points  with  regard  to  the  conditions  which  determine  the 
appearance  of  fatty  infiltration. 
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Fatty  infiltration  occurs  when  there  is  excessive  supply  of  fat  and  the  mitrimeni 
is  already  sufficient  fc/r  the  requirements  of  the  tissues.  The  fat  is  absorbed  in  the 
intestine  and  at  last  passes  into  the  blood.  This,  owing  to  the  albumen  and  salts 
contained  in  its  plasma,  is  able  to  hold  comparatively  large  quantities  of  fat 
in  solution,  and  not  infrequently  carries  0'2  to  0'3  per  cent  of  fat.  WTien 
there  is  much  assimilation  of  fat,  however,  it  may  happen  that  after  the  meal 
the  fat  circulates  in  the  blood,  not  only  in  solution,  but  also  in  extremely  fine 
droplets.  From  the  blood  the  fat  passes  in  solution  into  the  tissues,  where  it 
is  partly  used  up  and  partly  deposited  in  the  cells  of  the  tissues  in  the  form 
of  drops.  An  experiment  by  Fr.  Hofmann  shows  how  i-apidly  this  takes  place. 
He  starved  a  dog  for  thirty  days,  so  that  it  lost  40  per  cent  of  its  weight  and 
became  very  lean.     The  dog  was  then  fed  for  five  days  with  a  great  quantity 


Af/rS:^ 


Fig.  283. — Fatty  tissue  showing  gelatinous  degeneration.    From  the  surface  of  the  heart.     x600. 

of  very  fat  bacon.  In  the  dried  liver  nearly  40  per  cent  of  fat  was  found. 
Pettenkofer  and  Voit  obtained  similar  results. 

High  degrees  of  fatty  infiltration  are  also  caused  by  a  pi^cntiful  supply  of 
mixed  food.  In  this  case  the  fat  is  derived  from  the  albumen  of  the  food, 
perhaps  from  the  carbo-hydrates  also,  and  is  formed  in  the  cells  of  the  tissue. 
It  differs  in  some  essential  points,  however,  from  the  formation  of  fat  which 
occurs  in  fatty  degeneration.  In  the  latter  a  disproportion  exists  between  the 
supply  and  the  consumption  of  albumen  in  the  tissues.  The  albumen  of  the 
tissue  elements  which  is  used  up  in  the  formation  of  degenerative  fat  is  not 
completely  replaced,  and  disintegration  of  the  tissue  elements  results.  In  fatty 
infiltration,  on  the  other  hand,  we  are  justified  in  saying  that  the  cells  in  which 
the  fat  is  formed  do  not  become  poorer  in  albumen.  The  albumen  consumed 
is  replaced. 

These  differences  between  fatty  infiltration  and  fatty  degeneration  will  be 
still  more  clearly  seen  if  we  assume,  with  Voit,  that  physiologically  the 
"  organised  "  albumen  {i.e.  the  albumen  forming  an  organic  constituent  of  the 
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cell  protoplasm)  undergoes  no  change  and  no  decomposition,  but  that  the  de- 
compositions which  occur  during  metabolism  only  aifect  the  "circulating" 
albumen  Avhich  is  brought  to  the  cells  and  enters  into  them.  The  cells  thus 
represent  the  retort  in  Avhich  the  "  circulating  "  albumen  brought  to  them  by  the 
lymph-stream  splits  up  and  partly  forms  fat.  When  the  supply  of  food  is 
lessened,  in  inanition  for  instance,  the  quantity  of  the  circulating  albumen  in 
the  cells  is  diminished,  so  that  the  cell  at  first  becomes  smaller.  When  the 
circulating  albumen  is  used  up,  the  cell  attacks  its  own  constituent  parts,  the 
organised  albumen  breaks  down,  and  finally,  albuminous  and  fatty  degeneration 
sets  in.  When  function  is  increased,  the  flow  of  blood  to  the  tissues  is  greater, 
as  we  have  seen,  the  circulating  albumen  then  accumulates  in  the  cell,  and 
organised  albumen  is  formed.  Excessive  increase  of  function  and  increase  of 
function  associated  with  insufficient  nutrition  lead,  on  the  other  hand,  to  albumin- 
ous and  fatty  degeneration  from  disintegration  of  the  albumen  in  the  cells,  in  the 
same  manner  as  do  abnormal  metabolic  processes  brought  about  by  the  actions 
of  poisons.  Fatty  infiltration,  on  the  contrary,  is  associated  with  an  excessive 
supply  of  nutriment,  in  which  fat  is  secreted  from  the  circulating  albumen  and 
deposited  in  the  form  of  drops.  We  may  therefore  state  that  in  fattij  infiltra- 
tian  free  fat,  dejwsited  in  the  form  of  drops,  may  be  fo7ined  from  an  excess  of  circulating 
albumen,  while  in  albuminous  and  fatty  degeneration  the  organised  albumen  is  attacked 
and  broken  up  into  granular,  alhuminous,  or  albuminoid  and  fatty  molecules. 

The  diff'erence  between  fatty  infiltration  and  fatty  degeneration  has  been 
specially  emphasised  here,  because  many  authors  do  not  give  it  due  attention, 
but  tend  to  ignore  the  difference,  on  the  strength  of  the  fact  that  fat  may  be 
formed  in  the  cells  in  both  cases.  It  must  be  granted,  however,  that  the  views 
to  Avhich  Voit  was  led  by  his  important  investigations  introduce  an  hypothesis 
which  certainly  completely  harmonises  -tt^ith  the  experience  of  pathologists. 
This,  however,  allows  us  to  take  a  step  further  and  enter  upon  the  question  of 
the  cause  of  the  excessive  formation  of  fat. 

Fatty  infiltration  is  either  equally  and  universally  distributed  throughout 
most  parts  of  the  body,  when  it  depends  uj)on  the  condition  of  the  general 
metabolism,  or  it  appears  as  a  local  process,  dejjendent  upon  a  local  disturbance 
of  the  nutrition  of  the  tissue. 

Fatty  infiltration,  depending  upon  general  metabolism,  may  be  described  as  a 
storing-up  of  superfluous  nutriment,  which  Avill  be  seized  upon  and  used  up, 
partially  or  completely,  if  fat  begins  to  be  deficient  in  the  body.  The  somewhat 
unsuitable  name,  fatty  infiltration,  is  given  because  of  these  facts,  as  it  was 
supposed  that  all  the  fat  found  in  the  tissues  in  fatty  infiltration  originated  in 
the  blood  and  passed  from  the  blood  into  the  tissues.  It  cannot  be  doubted 
that  superfluous  fat  formed  in  one  organ  may  be  taken  up  by  the  blood  and 
carried  off"  to  other  organs,  where  it  is  deposited  as  fat  drops  or  is  oxidised. 
It  would  also  appear,  from  the  2^re^dously  mentioned,  experiments  of  Fr. 
Hofmann,  that  the  fat  absorbed  from  the  intestinal  canal  may  be  deposited  in 
the  tissues  without  further  chemical  change.  The  fat  present  in  the  blood  is 
undoubtedly,  therefore,  of  great  importance  as  regards  general  fatty  infiltration. 
A  large  proportion  of  the  fat  contained  in  the  blood  seems  to  he  able  tojy^'ochice  a  stming- 
up  of  fat  in  the  tissues  of  those  individuals  who  are  predisposed  to  fatty  infiltration. 
Since,  however,  the  loss  of  the  stored-up  fat  is  so  markedly  dependent  upon 
general  metabolism,  it  may  quite  well  be  assumed  that  absence  of  fat  from  the 
blood  may  cmise  the  fatty  infiltration  to  pass  off. 

Fatty  infiltration  may  be  regarded  as  over-saturation  of  the  tissues  and 
blood  with  fat.     If,  then,  it  be  granted,  on  the  strength  of  the  facts  just  stated. 
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that  the  fat  in  solution  in  the  blood  may  be  deposited  as  drops  in  the  cells,  the 
term  fatty  infiltration,  applied  to  such  a  process,  is  quite  correct.  It  must  be 
kept  in  mind,  however,  that  in  fatty  infiltration  some  of  the  fat  in  the  cells  of 
the  tissue  may  be  formed  by  decomposition  of  the  albumen.  In  this  case,  the 
term  fatty  infiltration  is  objectionable,  if  by  infiltration  a  process  is  understood 
in  which  dissolved  constituents  of  the  blood  are  deposited  in  the  tissues.  The 
introduction  of  a  new  term  does  not  seem  absolutely  necessary,  however,  so 
long  as  a  correct  conception  of  the  processes  in  the  tissues  can  be  associated 
with  the  term  in  present  use.  Fatty  infiltration  may  he  described  as  stming-up 
of  fat  in  the  form  of  drops  within  cell  p'otoplasm  which  is  unaltered  in  its  chemical 
and  jjhysical  structure.  It  is  the  result  of  over-nutrition,  and  is  produced  partly  by 
an  increased  supply  of  fat  to  the  cells,  and  partly  by  increased  formation  of  fat 
within  the  cells. 

Within  certain  limits,  general  fatty  infiltration  is  quite  a  physiological  condition. 
In  the  child  while  still  at  the  breast  a  great  deposit  of  fat  is  observed  under  the 
skin  and  in  the  loose  connective  tissue  between  the  organs,  and  there  is  also  a 
slight  degree  of  fatty  infiltration  of  the  liver.  Towards  puberty  the  fat  in  the 
tissues  diminishes  somewhat,  but  again  increases  considerably  after  the  fortieth 
year.  In  old  age,  finally,  the  fat  infiltrating  the  tissues  disappears.  These 
are  phenomena  which  are  normal  in  healthy  individuals,  and  are  simply  a 
peculiarity  of  the  metabolism  of  the  body. 

General  fcdty  infiltrcdion  becomes  pathological  when  it  reaches  a  very  high  degree. 
Lipomatosis  universalis,  adiposity,  obesity  are  the  terms  applied  to  this  condition. 
It  appears  as  a  great  formation  of  fat  under  the  skin,  between  the  muscles, 
between  the  layers  of  peritoneum,  in  the  omentum,  in  the  mesentery, 
mediastina,  and  many  other  situations.  A  high  degree  of  fatty  infiltration  is 
seen  in  the  liver,  while  other  glands  only  show  slight  deposits  of  fat  granides. 
When  the  liver  and  heart  are  overladen  with  fat  their  function  may  be  dis- 
turbed. The  details  of  these  disturbances  ^\^ll  be  discussed  more  fully  in  the 
special  portion  of  this  work.  As  regards  the  etiology  of  lipomatosis  universalis 
it  must  be  noted,  in  the  first  place,  that  it  may  be  voluntarily  induced  in  many 
individuals  by  over-feeding,  and  its  development  may  be  very  greatly  favoured 
by  insuflficient  bodily  exercise  and  indulgence  in  alcohol.  A  certain  individual 
predisposition  seems  usually  to  be  necessary,  hoAvever.  This  is  hereditary  in 
many  families,  sometimes  in  a  very  high  degree. 

Lipomatosis  localis  or  circumscripta  is  limited  to  single  organs  or  portions  of 
organs.  Very  frec|uently  fat  is  formed  in  the  place  of  an  organ  or  portion  of 
an  organ  which  has  either  disappeared  or  become  atrophied.  A  large  amount 
of  fat  is  thus  found  between  the  shrunken  muscle  fibres  of  an  atrophic  heart 
or  in  the  neighbourhood  of  contracted  kidneys.  Atrophic  conditions  of  the 
skeletal  muscles  are  frecjuently  accompanied  by  great  new  formation  of  fatty 
tissue  between  the  atrophied  muscle  fibres.  To  the  naked  eye,  the  muscle 
retains  its  fascicular  structure,  because  the  fat  cells  Avhich  have  developed  in  the 
place  of  the  muscle  fibres  are  arranged  in  long  rows  parallel  to  the  fibres.  The 
muscle,  however,  appears  thinner  and  remarkably  white  in  colour.  It  is  only 
in  pseudo-hypertrophic  muscular  atrophy  (Fig.  284)  that  the  volume  of  the 
muscle  is  more  or  less  considerably  increased,  notwithstanding  the  diminution 
in  size  of  the  muscle  fibres.  The  thickness  of  the  individual  muscle  fibres  is 
much  less  than  normal,  and  some  muscle  fibres  in  the  case  published  by  Fr. 
Schultze  (Fig.  284)  are  so  thin  that  they  are  hardly  recognisable  as  such.  The 
development  of  the  fatty  tissue,  on  the  other  hand,  is  so  great  that  it  easily 
simulates  a  pathological  increase  in  growth,  a  hypertrophy  of  the  muscles. 
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The  excessive  formation  of  fat  in  pseudo-hypertrophy  of  the  muscles 
indicates  that  fatty  tissue  formed  in  the  space  left  vacant  by  pathological 
decrease  in  size  of  the  organs  and  elements  of  organs  does  not  simply  fill  up 
the  place  of  the  lost  tissue.  Loss  of  the  histological  elements  of  the  organs 
only  leads  to  circumscribed  lipomatosis  in  certain  cases,  and  this  lipomatosis 
may  become  so  considerable  that  the  mass  of  the  fatty  tissue  formed  is  greater 
than  the  space  vacated.  It  must  therefore  be  assumed  that  some  other 
conditions  influence  the  process.  In  general  lipomatosis,  as  in  normal  fatty 
infiltration,  a  special  individual  predisposition  must  be  assumed.  The  con- 
clusion is  thus  arrived  at,  that  the  ultimate  causes  of  fatty  infiltration  are  to  be 
found  in  peculiarities  of  the  functions  of  the  tissues,  which  are  strongly 
developed   in  one   individual  and  slightly  developed  in  another,  and  which, 


Fig.  284. — Lipomatxisis  of  the  calf  muscles  in  pseudo-liypertrophic  muscular  atrophy. 

under  pathological  conditions,  may  be  present  to  a  A^ery  large  extent  in  certain 
circumscribed  situations  in  the  body.  These  peculiarities  in  the  function  of  the 
tissues  are  the  predisposing  causes  which  determine  the  appearance  of  fatty 
infiltration.  The  conditions  of  metabolism  which  have  been  discussed  provide 
the  conditions  under  Avhich  the  occurrence  of  fatty  infiltration  is  possible  and 
the  conditions  which  bring  about  its  occurrence  in  suitably  predisposed 
individuals.  They  form  the  caum  pi-oxima  sive  determinans  of  the  process, 
and  accordingly  the  physician  who  desires  to  modify  and  remove  the  patho- 
logical varieties  of  fatty  infiltration  must  act  on  them.  The  facts  which  will  be 
discussed  later  in  reference  to  the  origin  of  the  tumoui's  formed  from  fatty 
tissue  {Ji2)omata)  will  further  support  this  view. 

An  independent  position  is  occupied  by  many  fatty  granular  cells  which  are 
thought  to  he  connected  tcith  retrogressive  changes  in  other  tissue  elements.  In  the 
neighboui'hood  of  areas  of  softening  and  degeneration,  especially  in  the  brain 
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and  spinal  cord,  cells  are  found  whose  protoplasm  contains  numerous  fat 
granules.  These  cells  tend  to  accumidate  in  the  vessel-sheaths  throughout 
the  central  nervous  system,  but  also  occur  scattered  through  the  tissues.  They 
are  regarded,  as  a  rule,  as  wandering  cells  or  emigrated  leucocytes  Avhich  take 
up  the  fat  freed  by  the  disintegration  of  the  medullary  sheaths  of  the  nerves, 
either  directly  as  drops  or  after  previous  solution. 

Many  of  the  fatty  granular  cells  of  the  brain  and  spinal  cord  are  un- 
doubtedly emigrated  white  corpuscles.  V.  Eecklinghausen  has  shown,  by 
direct  observation  of  the  process,  that  white  blood  corpuscles  and  wandering 
cells  have  the  power  of  taking  up  foreign  bodies  of  various  kinds  :  cinnabar, 
Indian  ink,  red  blood  corpuscles,  fat  drops,  etc.  The  protoplasmic  processes  of 
the  cells  flow  round  and  enclose  the  foreign  body  during  the  process,  or,  as 
it  is  usually  expressed,  eat  it  up.  It  cannot  be  directly  shown  whether  this 
eating-up  of  the  fat  drops  is  carried  out  to  a  large  extent  in  the  formation  of 
the  fatty  granular  cells,  and  the  possibility  has  therefore  to  be  borne  in  mind 
that  the  fat  may  be  dissolved  in  the  tissue  fluids  and  taken  up  by  the  cells  in 
a  state  of  solution.  The  cells  will  then  deposit  the  fat  Avithin  their  protoplasm. 
It  should  also  be  remembered  that  the  cells  may  have  the  power  of  forming 
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Fig.  285. — Fatty  granular  cells  from  proliferating  neuroglia  of  the  posterior  columns  of  the  spinal  cord,  from  a 
case  of  secondary  ascending  degeneration  consequent  on  transverse  compression  of  the  spinal  cord.  Two 
cells  containing  fat  droplets.    Two  cells  after  solution  of  the  fat.    X1200. 


fat  from  albuminous  bodies.  In  whatever  way  the  details  of  the  process  are 
supposed  to  take  place,  it  is  very  probable  that  many  fatty  granular  cells  of 
the  brain  and  spinal  cord  are  wandering  cells  which  owe  their  fatty  contents  to 
the  absorption  of  the  products  of  disintegration  of  other  tissue  elements. 

It  appears  to  me  doubtful  whether  this  view  apj^lies  to  all  the  fatty  granular 
cells  of  the  brain  and  spinal  cord.  Such  cells  are  frequently  present  in  great 
numbers  and  very  uniformly  distributed  in  the  typical  degenerations  of  the 
columns  of  the  spinal  cord,  not  only  in  the  sheaths  of  the  vessels,  but  also  in 
the  newly-formed  neuroglia.  Subsequently  they  again  disappear.  I  do  not  con- 
sider, therefore,  that  it  is  impossible  that  these  may  be  young  forms  of  cells 
which  subsequently  become  glia  cells,  but  which  have  never  been  wandering- 
cells.  It  is  quite  possible  that  their  fatty  contents  originated  in  the  products 
of  the  degeneration  of  the  nerve  fibres,  but  this  cannot  be  definitely  proved. 

Under  these  circumstances  it  seems  very  significant  that  granular  fatty 
cells  are  very  frequently  present  in  the  brain  of  newly-born  children  also. 
R  Virchow,  who  first  drew  attention  to  this  fact,  regarded  it  as  pathological 
because  it  is  not  constant,  and  because  in  many  cases  the  granular  fatty  cells 
occur  in  groups  in  the  brain,  and  other  pathological  changes  are  sometimes  present 
at  the  same  time.     Hayem  and  Jastrowitz,  on  the  other  hand,  regard  the  fatty 
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granular  cells  in  the  brain  of  newly-born  children  as  a  normal  condition,  and 
the  latter  connects  them  ^vith  new  tissue  formation,  especially  with  the  formation 
of  the  medullary  sheaths  of  the  nerve  fibres.  It  would  be  quite  possible  to 
suppose  that  the  granular  fatty  cells  take  some  part  in  the  formation  of  neur- 
oglia ;  indeed,  we  are  almost  forced  to  do  so  unless  it  is  to  be  assumed  that 
there  are  essential  differences  between  physiological  and  pathological  new 
formation  of  tissue. 

Increase  of  fat,  as  the  result  of  absorption  of  the  products  of  disintegration 
in  other  tissues,  is  undoubtedly  a  common  occurrence,  although  it  is  difficult  to 
demonstrate  this  clearly.  In  the  vicinity  of  transudations  and  exudations, 
especially,  a  fatty  condition  of  the  cells  is  very  frequently  observed.  Inas- 
much, however,  as  exudations  contain  chemically  active  poisons  which  tend  to 
produce  metabolic  disturbances  of  a  degenerative  nature  in  the  tissue  elements, 
the  conditions  found  in  the  walls  of  serous  spaces  filled  with  pathological 
transudations  are  of  special  interest.  B.  Remhardt  has  already  demonstrated 
fat  granules  in  the  endothelium  of  the  pleura  and  peritoneum  in  cedematous 
effusions,  and  these  facts  can  be  substantiated  Avithout  difficulty.  Since  no 
fat  is  found  in  the  form  of  drops  in  the  contents  of  the  serous  cavity,  it  is  not 
improbable  that  the  fat  is  formed  in  the  epithelial  cells.  It  would,  therefore, 
presumably  be  a  fatty  infiltration.  The  cause  of  this  fatty  infiltration,  how- 
ever, is  to  be  looked  for  in  the  absorption  and  fatty  transformation  of  the 
albuminous  constituents  of  the  pathological  transudation ;  and,  in  this  respect, 
this  fatty  change  would  be  classed  with  the  fatty  granular  cells  just  men- 
tioned. 
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IX.  Glycogen  Infiltration 

Among  the  material  necessary  for  tissue  nutrition  Avhich  may  lie  stored 
up  in  the  tissues  until  it  is  required,  glycogen  must  also  be  mentioned.  This 
appears  as  a  carbo-hydrate  which  is  very  easily  transformed  into  sugar  in  the 
tissues.  It  is  found  either  in  solution,  in  the  form  of  masses  of  various  sizes,  or 
as  granules  and  heaps  of  granules  Avhich  are  generally  of  a  hyaline  consistence 
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(Fig.  286).     It  is  deposited  not  only  in  the  cell  protoplasm  and  cell  nucleus, 
but  also  in  the  intercellular  substance. 

This  substance  is  most  simply  demonstrated  by  a  solution  of  iodine,  as  glycogen 
stains  deeply  brown  on  the  addition  of  iodine.  It  is  distinguished  from  amyloid 
by  the  absence  of  the  reaction  with  iodine  and  sulphuric  acid  and  by  its  great 
solubility  in  water.  On  account  of  the  latter  property,  the  use  of  the  simple 
aqueous  solution  of  iodine  in  iodide  of  potassium  must  be  avoided  in  the 
demonstration  of  glycogen ;  a  solution  of  gum-arabic  of  the  consistency  of 
syrup  and  containing  iodine  is  employed  by  Ehrlich,  a  solution  of  iodine  in 
glycerine  by  Barfurth.  Langhans's  method  of  staining  is  very  convenient  for 
preparations  which  have  been  hardened  in  alcohol  and  then  cut  into  sections. 
He  uses  a  mixture  of  one  volume  of  the  officinal  tincture  of  iodine  with  four 
volumes  of  absolute  alcohol.  After  staining  Avith  this,  the  sections  are  cleared 
up  in  origanum  oil,  in  which  they  are  also  examined  under  the  microscope. 

The  researches  of  Neumann,  Langhans,  Ehrlich,  Marchand,  Barfurth,  J. 
Arnold,  and  Gabritschewsky  have  proved 
that  glycogen  is  widely  distributed 
throughout  the  body  in  health  and 
disease.  Under  normal  circumstances  it 
is  found  in  the  liver,  in  the  epithelium 
of  the  uterus,  in  the  muscles,  in  the 
white  blood  corpuscles,  in  the  membranes 
of  very  young  human  embryos,  and  in 
many  embryonic  tissues.  As  a  patho- 
logical condition  it  is  found  in  pus 
cells,  in  osteoma,  myoma,  osteo-sarcoma, 
squamous  epithelioma,  and  tumours  of 
the  testicle,  etc. 

Special  interest  is  attached  to  the 
appearance  of  glycogen  in  considerable 
quantity  in  many  organs  in  diabetes 
mellitus.  Here  we  have  to  deal  with  a 
general  disturbance  of  metabolism,  in 
which  considerable  quantities  of  grape- 
sugar  are  formed  from  albumen  and  carbo- 
hydrates. Of  these  the  major  part  is  voided  with  the  urine ;  but,  at  the  same 
time,  a  great  quantity  of  glycogen  is  deposited  in  the  organs,  especially  in 
the  liver,  kidneys,  heart-muscle,  and  in  other  situations  (Ehrlich). 

Since  the  first  discoveries  in  this  subject,  made  by  CI.  Bernard,  various 
methods  for  the  artificial  production  of  diabetes  mellitus  have  been  found, 
■such  as  injury  to  the  floor  of  the  fourth  ventricle,  extirpation  of  the  pancreas 
(Minkowski),  and  extirpation  of  the  coeliac  ganglion.  The  last  appears  to  be  a 
powerful  agent  in  producing  diabetes.  After  excising  this  ganglion,  Trambusti 
was  able,  accordingly,  to  demonstrate  large  quantities  of  glycogen  in  the  cells 
of  the  liver  and  kidneys  as  well  as  in  the  white  corpuscles. 

The  more  serious  forms  of  diabetes  in  man  are  generally  disturbances  of 
metabolism  which  prove  fatal  sooner  or  later.  The  transient  occurrence 
of  sugar  in  the  urine,  on  the  other  hand,  is  not  a  serious  condition.  It  is 
found  in  gout,  general  lipomatosis,  in  poisoning  with  carbon  monoxide,  opium, 
morphine,  curare,  etc.,  and  also  in  many  acute  infections,  of  Avhich  cholera  and 
multiple  furuncles  are  best  knoA\ai.  Many  injuries,  especially  injuries  to  the 
head,  have  a  similar  effect. 


Fig.  2SG. — Glycogen  infiltration  of  the  liver  cells, 
XlOOO. 
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X.  Pigmentation 

The  pigment  in  the  human  body  occur.s  both  pathologically  and  normally, 
partly  in  the  granular  form,  and  partly  in  solution.  Many  pigments  are  derived 
from  the  blood  pigment  hcemoglohin.  Others  are  formed  in  the  tissues  from  the 
non-pigmented  nutrient  fluids  as  autochthonmis  pigmentation.  In  a  third  set  of 
cases,  finally,  the  pigment  is  derived  from  extraneous  sources  and  introduced 
into  the  body  as  such — pigmentation  hy  importation. 

(1)  The  principal  derivative  of  the  blood  pigment  is  hile  pigment,  which  is  formed 
physiologically  in  the  liver.  Under  pathological  conditions,  the  formation  of 
bile  pigment  in  the  liver  varies  greatly.  It  is  of  special  importance  to  the 
physician,  because  it  causes  the  symptoms  of  jaundice  {icterus). 

In  general  icterus,  the  whole  of  the  tissues  are  stained  by  dissolved  bile 
pigment.  Sometimes  the  bile  pigment  separates  out  in  crystals  or  granules  in 
the  tissues,  probably,  however,  only  after  death.  The  yellow  colour  of  the  skin 
is  generally  very  apparent,  and  may  amount  to  a  mottled  greenish-brown.  As 
a  rule,  the  coloration  is  first  seen  in  the  conjunctiva.  The  bones  and  the 
central  nervous  system  show  very  slight,  or,  under  some  circumstances,  no 
pigmentation.  The  secretions  of  the  glands,  especially  the  urine,  generally 
contain  bile  pigment,  and  frequently  bile  acids  also,  Avhich  pass  into  the  blood 
with  the  bile  pigment.  The  urine  then  assumes  a  dark  yellow  colour,  after- 
wards becoming  dark  brown,  like  beer  or  porter. 

Bile  pigment  is  formed  physiologically  in  the  liver.  This  has  been  concluded 
from  the  fact  that  bile  constituents  cannot  be  demonstrated  either  in  the  blood 
of  the  portal  vein  or  in  the  hepatic  arteries  (Lehmann),  although  very  sensitive 
chemical  reactions  are  at  our  disposal  for  bile  acids  and  bile  pigments.  The 
experiments  of  Alex.  Schmidt,  Schwarz,  Kallmeyer,  and  Hoff'mann,  who  traced 
out  the  formation  of  bile  pigments  and  bile  acids  in  individual  liver  cells,  seem 
to  be  direct  proof  of  this. 

The  bile  pigment  passes  with  the  bile  into  the  intestine,  where,  together 
with  the  other  constituents  of  the  bile,  it  influences  the  digestion  and  absorption 
of  nutriment  in  many  ways,  and  is  partly  transformed  into  urobilin  by  reduc- 
tion in  the  intestinal  contents  which  have  very  little  oxygen ;  a  great  part 
of  the  pigment  is  then  voided  from  the  intestine  with  the  faeces.  It  may  be 
assumed,  however,  that  a  fair  amount  of  the  bile  pigments  and  bile  acids  is 
reabsorbed  by  the  bile  ducts  and  intestines  (Bidder  and  Schmidt,  Hoppe-Seyler, 
Schiff,  Kunkel,  Stadelmann,  Loewenton,  AVinteler).  It  is  certainly  remarkable 
that  no  bile  constituents  are  demonstrable  in  the  blood.     They  are  present, 
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however,  in  the  normal  urine  in  man  (Naunyn,  Vogel,  Hone).  Urobilin, 
especially,  is  invariably  present  in  the  urine  (Jaffe).  Tappeiner  was  able  to 
demonstrate  bile  acids  with  certainty  in  the  chyle  of  the  dog.  Either  the 
reabsorbed  bile  constituents  must  alter  their  chemical  composition  in  the  blood, 
or  it  is  the  rapid  secretion  of  the  bile  constituents  from  the  blood  by  the  liver 
and  kidneys  which  makes  it  impossible  to  demonstrate  them  in  normal  blood. 
This  is  the  more  probable,  as  the  blood  which  comes  from  the  veins  of  the 
intestines  and  bile  ducts  is  immediately  carried  back  to  the  liver,  where  it  is 
able  to  give  off  its  biliary  constituents  again. 

General  icterus  (that  is,  the  accumulation  of  bile  pigments  in  the  blood  and 
in  the  tissues)  arises  from  various  causes,  and  we  may,  accordingly,  distinguish 
four  principal  forms  :  icterus  from  obstruction,  toxic  icterus,  infectious  icterus, 
and  icterus  neonatorum. 

(ft)  Icterus  from  obstruction  is  the  result  of  occlusion  of  the  bile  ducts,  especially 
of  the  common  bile  duct.  In  man  this  is  frequently  due  to  catarrhs  of  the 
duodenum,  which  extend  into  the  terminal  portion  of  the  ductus  choledochus, 
so  that  the  lumen  of  Vater's  ampulla  is  closed  by  a  plug  of  mucus,  formed  from 
catarrhal  secretion.  Many  other  obstructions  act  similarly,  gall-stones  which 
obstruct  the  duct,  for  instance,  and  cicatrices  and  tumours  which  compress  it 
from  without.  No  bile  passes  into  the  intestine  ;  the  contents  of  the  intestine, 
therefore,  lose  their  bile-stained  colour,  and  become  pale  and  clay-coloured. 
At  the  same  time,  in  consequence  of  the  impaired  absorption  of  fat,  they  contain 
a  great  quantity  of  fat,  and  undergo  many  abnormal  decompositions  resembling 
putrefaction,  because  bile  has  some  bactericidal  properties  and  by  means  of 
them  exercises  a  distinct  influence  on  bacterial  decomposition  in  the  intestines. 

The  larger  bile  duds  become  gradually  distended  by  the  accumulating  bile ; 
their  contents  then  stagnate  and  lose  their  colour,  while  bile  pigments  and  bile 
acids  are  absorbed  by  the  walls  of  the  ducts.  It  would  appear  that  the 
lymph-vessels  are  chiefly  concerned  in  this  process  of  absorption.  If  the  ductus 
choledochus  in  animals  is  ligatured,  the  bile  constituents  pass  into  the  blood. 
If,  at  the  same  time,  the  thoracic  duct  is  opened  and  its  contents  allowed  to 
drain  away  externally,  the}'^  are  found  to  be  rich  in  bile  pigment  and  bile  acids, 
Avhile  the  blood  remains  free  from  bile  (Tiedemann  and  Gmelin,  Fleischl). 

Even  the  smaller  bile  duets  between  the  liver  cells  also  prove  to  be  dilated 
when  examined  minutely  with  a  high  power;  their  contents,  however,  are 
highly  bile-stained,  from  which  it  may  be  concluded  that,  from  them  at  any 
rate,  no  extensive  absorption  takes  place.  The  liver  cells  also  are  strongly 
jaundiced.  At  the  same  time,  the  pigment  of  the  liver  cells,  brown,  granular, 
and  insoluble  in  water,  is  usually  found  in  increased  amount  and  is  to  be  care- 
fully distinguished  from  bile  pigment.  The  presence  of  bile  pigment  in  the 
blood  does  not  appear  to  cause  any  considerable  disturbances  of  function,  and, 
in  any  case,  is  only  slightly  poisonous.  The  bile  acids,  on  the  other  hand,  after 
they  enter  the  blood,  act  as  virulent  poisons  on  the  nervous  and  muscular 
systems  and  on  the  blood  corpuscles,  as  was  first  shown  by  Dusch.  The  pulse 
slows  to  forty  beats  per  minute,  there  is  muscular  weakness,  general  debility, 
itching  of  the  skin,  and,  under  certain  circumstances,  grave  nervous  disturb- 
ances and  somnolence  are  produced ;  in  serious  cases  (the  so-called  icterus 
gravis),  delirium,  convulsions,  coma,  low  and  high  temperatures  are  also  marked 
features  in  the  disease.  The  salts  of  the  bile  acids  are  also  capable  of  dissolv- 
ing the  red  blood  corpuscles  (Hiinefeld,  v.  Dusch,  Eohrig,  Leyden,  Lowit, 
Rywosch),  a  fact  which  is  of  all  the  greater  importance  since  the  presence  of 
dissolved  haemoglobin  in  the  blood  increases  the  formation  of  bile  pigment  in 
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the  liver  (AV.  Kiihne,  M.  Herrmann,  Nothnagel,  Stadelmann).  There  can  be 
no  doubt  that  bile  pigment  is  one  of  the  products  of  decomposition  of  the 
blood.  At  the  same  time,  the  bile  acids  circulating  in  the  blood  are  able  to 
stimulate  the  formation  of  bile  pigments  in  the  liver,  and  b}^  this  means  to  bring 
about  a  further  increase  of  the  icterus  (W.  Kiihne,  Sokoloff,  Stadelmann). 

Very  frequently  the  obstruction  to  the  flow  of  bile  into  the  intestine  is 
removed.  The  plug  of  mucus  in  Vater's  ampulla  or  the  gall-stone  which  has 
been  impacted  in  the  bile  duct  is  driven  out,  for  which,  of  course,  no  great 
force  can  be  obtained,  since  the  pressure  in  the  secretion  of  the  bile  does  not 
easily  exceed  16  mm.  of  mercury,  although  it  may  rise  higher  than  the  blood- 
pressure  in  the  portal  vein.  When  the  bile  again  flows  freely  into  the  intestine 
after  removal  of  the  obstruction,  the  disturbance  gradually  disappears.  The 
liver  now  secretes  great  quantities  of  bile  ;  the  contents  of  the  intestine,  accord- 
ingly, may  become  too  strongly  coloured,  and  abnormally  large  quantities  of 
bile  constituents  pass  out  with  the  faeces.  It  is  very  remarkable,  however, 
that  the  icterus  disappears  very  sloAvly — a  fact  which  I  explained  by  the 
circumstance  that,  in  this  stage  of  convalescerce,  abnormally  large  quantities 
of  bile  constituents  are  absorbed  by  the  intestinal  wall.  Finally,  the  remark- 
able fact  is  observed  that  the  bile  pigment  gradually  disappears  from  the  urine 
and  a  large  quantity  of  urobilin  appears  in  its  place.  This  also  is  due  to  the 
absorption  of  bile  pigments  from  the  intestine,  since  these  are  to  a  great  extent 
transformed  into  urobilin  there  (Gr.  Hopj)e-Seyler). 

(Z>,  c)  The  most  important  points  concerning  icterus  due  to  toxic  and  infectious 
causes  have  been  already  discussed  (pp.  41  and  51).  Many  poisons  and  in- 
fections cause  solution  of,  or  at  least  injury  to,  the  red  blood  corpuscles.  This 
brings  about  an  increased  formation  of  the  bile  pigments,  which  appears  to  be 
carried  out,  not  in  the  blood,  but  in  the  liver,  as  may  be  gathered  from  the 
experiments  of  Minkowsky  and  Naunyn  already  spoken  of,  and  as  might  have 
been  inferred  from  the  investigations  of  Joh.  Miiller,  Kunde,  and  Moleschott. 
The  great  formation  of  bile  pigments  produces  a  dark  colour  in  the  contents  of 
the  bile  ducts  and  the  intestine.  It  is,  therefore,  not  improbable  that  toxic 
icterus  arises  from  the  absorption  of  large  quantities  of  bile  pigment  by  the 
walls  of  the  bile  duct  and  intestine.  Extensive  absorption  of  the  salts  of  the 
bile  acids  sometimes  also  takes  place ;  for,  in  many  cases  at  least,  bile  acids 
may  be  demonstrated  in  the  highly  pigmented  urine  passed  during  toxic  and 
infectious  icterus.  The  amount  of  the  bile  acid  in  the  blood  thus  determines 
the  degree  of  the  other  disturbances,  already  mentioned  in  obstructive  icterus, 
which  are  associated  with  the  yellow  coloration  of  the  tissues  and  many  glandular 
secretions  in  toxic  and  infectious  icterus  also. 

(d)  Jaundice  in  the  newly -horn  child,  icterus  neonatorum,  is  partly  physio- 
logical, and  partly  pathological.  In  many  cases  there  is  occlusion  of  the 
bile  ducts,  with  consequent  obstructive  icterus,  causing  death.  Very  frequently, 
at  any  rate,  hereditary  syphilis  may  be  looked  upon  as  the  cause,  since  syphi- 
litic cicatrices  occur  in  the  neighbourhood  of  the  bile  ducts,  as  may  be  gathered 
from  the  abstracts  of  Gerhardt  and  Lomer.  In  other  cases,  infective  icterus 
is  caused  by  septic-pysemic  infection,  proceeding,  as  a  rule,  from  the  umbilical 
cord.  A  fact  which  deserves  special  mention,  however,  is  that  in  very  many 
children  who  are  otherwise  healthy,  an  icterus  occurs  two  to  four  days  after 
bii^th,  evidently  just  on  the  boundary  between  physiological  and  pathological 
conditions.  Very  various  views  have  been  advanced  as  to  the  causes ; 
Breschet  supposes  that  great  quantities  of  blood  pigment  are  broken  up  at  birth 
and  give  rise  to  icterus.     Hewitt  and   Silbermann,  on  the  other  hand,  support 
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the  view  that  the  dilatation  of  the  portal  blood  system  which  occurs  im- 
mediately after  birth  causes  compression  of  the  bile  ducts  in  the  liver  and 
brings  on  obstructive  icterus.  The  theory  of  Birch-Hirschfeld,  however,  is 
thoroughly  established.  He  draws  attention  to  the  frequent  occurrence  of 
venous  congestions  during  and  after  birth,  and  to  the  oedema  of  the  connective 
tissue  processes  which  accompany  the  bile  ducts  in  the  liver,  ceclevui  of  the  so- 
called  Glisson's  capsule.  This  osdema  of  the  connective  tissue  of  the  liver  which 
has  been  demonstrated  in  a  great  number  of  cases,  develops  mainly  in  pro- 
tracted labours,,  or  when  there  is  twisting  of  the  umbilical  cord  or  functional 
weakness  of  the  heart  in  the  newly-born  child.  The  oedema,  however,  pro- 
duces compression  of  the  bile  ducts  in  the  liver,  and  icterus  from  absorption. 

Icterus  in  the  newly-born  child  leads  not  only  to  a  difluse  yellow  coloration 
of  the  tissues,  but  frequently  also  to  a  deposit  of  crystallised  bile  pigment 
(bilirubin)  in  the  connective  and  fatty  tissues  (Neumann,  Orth).  The  fat  in  the 
adipose  tissu.es  appears  to  have  a  special  tendency  to  absorb  bile  pigment,  since 
in  newly-born  children  it  sometimes  contains  deposits  of  bilirubin  in  crystals, 
when  no  icteric  colour  can  be  perceived  in  the  skin  (Neumann). 

The  deposit  of  bilirubin  in  the  tissues  of  embryos  which  have  perished  (in 
utero)  a  long  time  before  birth  and  have  undergone  red  softening,  is  to  be 
carefully  distinguished  from  icterus  neonatorum  (see  pp.  184  and  198).  In 
this  case  the  formation  of  bilirubin  is  a  result  of  the  solution  and  decomposition 
of  the  blood  pigment  which  occurs  in  each  individual  organ.  The  process  can 
be  observed  with  the  naked  eye,  since  the  red  colour  of  the  tissue  and  the  skin 
passes  into  yellow  in  some  parts,  but  it  is  only  the  result  of  'post-moi'tem 
decomposition  of  the  blood  throughout  the  body. 

From  this  general  consideration  of  the  most  important  varieties  of  icterus 
it  may  be  learned  that  a  very  slight  increase  in  the  bile  constituents  ab- 
sorbed by  the  bile  ducts  and  intestines,  and  finally  passing  back  to  the  blood, 
suffices  to  cause  general  icterus.  This,  then,  is  as  much  the  result  of  disturbances 
of  absorption  as  of  increased  formation  of  bile  pigment.  It  can  therefore  be 
understood  that  many  local  diseases  of  the  liver,  venous  congestion,  connective 
tissue  contractions  (cirrhosis),  and  others  give  rise  more  or  less  frequently  to  the 
symptoms  of  jaundice. 

The  serious  forms  of  nervous  disturbances,  delirium,  convulsions,  coma, 
whi<;h  distinguish  icterus  gravis  are  developed,  however,  in  a  few  cases  where 
only  a  slight  yellow  discoloration  of  the  skin  and  mucous  membrane  could  be 
seen.  Further  investigations  must  decide  Avhether,  in  this  case,  there  is  an 
accumulation  of  metabolic  products  in  the  blood,  resulting  from  disturbances 
of  function,  and  to  be  regarded  as  the  precursors  of  the  bile  constituents,  or 
Avhether  there  is  a  lessened  production  of  bile  pigment,  with  increased  formation 
of  bile  acids  and  other  poisonous  metabolic  products.  The  small  amount  of 
pigment  in  the  liver  in  the  icterus  gravis  which  occurs  after  acute  phosphorus 
poisoning  is  in  favoiu"  of  the  latter  view.  The  experiments  of  Kunde,  who 
demonstrated  the  green  pigment  in  an  alcoholic  extract  of  blood  from  frogs  in 
which  the  liver  had  been  excised,  may,  however,  be  taken  as  an  indication  that 
precursors  of  the  bile  pigment  circulate  in  normal  blood. 

Fornuition  of  bile  jngment  is  one  of  the  specific  functions  of  the  liver,  but  maij  also 
be  carried  out  in  other  organs. 

Tumour-like  formations  of  liver  tissue  (adenoma)  sometimes  occur  in  the 
liver  and  form  metastases  in  other  organs.  It  may  thus  happen  that  islets  of 
liver  tissue  are  formed  "widely  separated  throughout  the  body,  and  those  form 
secretions    similar,   in   appearance  at   least,   to  bile.     Such  cases  have   been 
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described  by  Friedreicli  and  Bock,  and  I  have  also  observed  one  (Fig.  287)  in 
which  such  tumours  were  present,  more  especially  in  the  liver,  the  portal 
lymph-glands,  and  the  spleen.  In  the  case  of  Bock,  a  tumour  of  this  kind, 
situated  in  the  choroid,  was  chemically  examined  also,  and  a  large  amount  of 
biliverdin  demonstrated  in  it  by  Lustgarten. 

The  formation  of  bilirubin,  which  may  take  place  in  almost  any  of  the  organs 
in  which  haemorrhage  has  occurred,  is  more  important.  It  produces  local  icterus, 
and,  at  the  same  time,  brings  about  the  appearance  of  granular  hematogenous 
pigment.  The  fate  of  the  blood  extravasated  into  the  tissue  has  lieen  clearly 
settled  in  its  most  important  jioints  by  means  of  the  investigations  of  R.  Virchow, 
Perls,  Langhans,  J.  Ai'nold,  Cordua,  Angerer,  Quincke,  Hindenlang,  and  Neu- 
mann. In  the  first  place,  the  red  corpuscles  begin  to  dissolve,  because  the  tissue 
fluids  are  poorer  in  salts  than  the  blood.      In  microscopic  examination  of  the 
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Fig.  287. — Liver  adenoma  from  the  spleen,  containing  bile,    g,  g,  g,  Masses  of  bile-stained  secretion  ; 

c,  c,  c,  blood  capillaries,    x  650. 


extravasation,  the  more  or  less  decolorised  stroma  of  the  red  blood  corpuscles, 
some  leucocytes  and  fibrin  are  found,  in  addition  to  dissolved  haemoglobin.  In 
blood  extravasations  Avhich  have  been  hardened  in  alcohol,  in  order  to  prepare 
them  for  sections,  coloured  crystals  are  also  sometimes  found  which  resemble 
haematoidin  crystals  (Fig.  289),  but  more  probably,  however,  consist  of  the 
modification  of  the  ha?.moglobin,  parlia'mofjhMn  (Nenski),  which  has  the  same 
composition  as  haemoglobin,  but  is  distinguished  by  its  insolubility  (Fig.  288). 
Parhaamoglobin  very  frequently  appears  in  pathological  preparations  which  have 
been  hardened  hy  alcohol.  According  to  Robert,  however,  it  may  occur  in  the 
body,  especially  in  the  liver  and  spleen,  even  before  the  tissues  have  been  hardened. 

Substances  dericed  from  the  decomposition  of  hcemoglobin,  viz.  Juernatoidin  and 
hcemosiderin,  are  also  developed  in  the  extravasated  blood. 

HcematoidiR  has,  after  a  long  discussion,  been  acknowledged  to  be  a  pigment 
identical  -with  hilii-uhin,  the  colouring  matter  of  the  bile.     Like  this  latter,  it 
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contains  no  iron,  is  insoluble  in  water,  alcohol,  and  ether  ;  soluble  in  chloroform, 
bisulphide  of  carbon,  and  alkaline  fluids.  E.  Virchow  has  shown  also  that  it 
gives  Gmelin's  bile  pigment  reaction. 
As  a  rule,  hjematoidin  occurs  as  dark- 
brown  rhombic  crystals,  but  sometimes 
also  in  granules  (Fig.  290). 

Hceniosiderin  appears  in  the  form  of 
yellowish-brown,  brightly  coloured, 
rounded  granules  and  clusters  of  granules 
(Fig.  291).  These  are  insoluble  in  water 
and  give  marked  iron  reactions.  If  the 
microscopic  preparation  be  placed  in  a 
freshly  prepared  mixture  of  sulphuric 
acid  and  potassium  ferrocyanide,  the 
hsemosiderin  granules  are  seen  stained 
deep  blue  ^  (Berlin  blue  reaction).  Under 
the  action  of  sulphuretted  hydrogen  and 
ammonium  sulphide,  they  become  very 
black  and  form  ferrous  sulphide.  As 
regards  these  reactions,  therefore,  hemosiderin  completely  agrees  with 
hydrated  oxide  of  iron.     The  reactions  take  place  comparatively  slowly,  so 


Fig.  288. — Hsemoglobin  crystals  from  the  blood  of 
a  dog  killed  by  chloroform  inhalation,  x  250. 
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Fig.  289.— Crystals  of  haemoglobin  (parhsemoglobin)  in  a  retroperitoneal  haemorrhage,  arising  from  a  suprarenal 
body.  Decolorised  red  corpuscles  and  leucocytes  are  interposed  between  the  fibres  of  the  connective  tissue 
and  the  fat  cells.     Section  hardened  in  alcohol,    x  200. 


that  it  may  be  assumed  that  the  hydrated  oxide  of  iron  is  combined  with 
smaller  or  larger  quantities  of  albuminoid  bodies.  The  colour  of  the  granules, 
which  varies  between  yellow  and  brown  (Perls,  Neumann),  is  in  favour  of  this 


^  1  g.  acid  miiriat.  pur.  couc. 
100  cub.  cm.  aq.  destill. 
50  cub.  cm.  sat.  sol.  ferrocyanide  of  potash. 
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view.  Haemosiderin  granules,  giving  the  blue  reaction  with  acid  ferrocyanide 
of  potassium  (Turnbull's  blue),  are  not  so  commonly  found ;  they  contain 
iron  in  the  form  of  protoxide  of  iron  or  albuminate  of  protoxide  of  iron. 

Hfemosiderin  occurs  in  the  tissue  spaces  and  often  also  within  the  cells.  In 
the  latter  case  the  granules  of  the  hsemosiderin  are  so  fine  that  they  may  produce 
a  diflfuse  light -brown  coloration  of  the  protoplasm.  It  may  also  occur  that 
tissues  adjacent  to  the  hsemosiderin  granules,  although  free  from  colour,  give  a 
diffuse  iron  reaction  Avith  ferrocyanide  of  potassium  and  hydrochloric  acid,  and 
with  sulphuretted  hydrogen  arid  ammonium  sulphide.  This  makes  it  probable 
that  there  is  a  soluble  colourless  albuminate  containing  iron  in  the  tissues.  The 
deposits  of  hsematoidin  and  hiemosiderin  appear  as  granular  and  crystalline 
licematoginous  pigmentation  of  the  tissue.  Quincke  was  first  to  point  out  that 
hcTsmatoidin  and  hsemosiderin  are  formed  in  different  parts  of  large  blood 
extravasations,  although  here  and  there  they  may  occur  together.  This  fact 
indicates  that  the  conditions  for  the  formation  of  hcematoidin  and  of  Juemosiderin 
are  not  the  same.     Since  hsemosiderin  is  so  frequently  contained  in  living  cells, 
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Fig.  290. — Hfematoidiii  crystals  from  the 
softened  centre  of  a  large  blood  extravasa- 
tion in  the  peritoneal  cavity,  x250. 


Fig.  291. — Hsemosiderin  partly  enclosed  in  nucleated  cells, 
partly  lying  free  in  the  alveoli  and  the  alveolar  septa  of 
the  luna;s.    From  a  case  of  heart-disease,    x  1000. 


while  hsematoidin  is  very  frequently  met  with  in  the  interior  of  large  dis- 
integrating extravasations,  at  some  distance  from  living  tissue  elements, 
Quincke  and  Neumann  concluded  that  the  formation  of  hpemosiderin  requires 
the  co-operation  of  living  tissue  elements,  while  the  formation  of  hsematoidin 
does  not.  Some  investigations  made  by  Panski  and  myself  make  it  appear 
very  probable  that  the  formation  of  haemosiderin  and  hsematoidin  is  deter- 
mined by  the  greater  or  less  proportion  of  oxygen  in  the  tissue.  If  some 
of  the  splenic  veins  be  ligatured  in  a  living  animal,  a  high  degree  of  con- 
gestion occurs  in  a  more  or  less  considerable  extent  of  the  organ  (Fig.  292). 
At  the  same  time,  the  supply  of  oxygenated  arterial  blood  is  very  consider- 
ably limited,  this  being  shown  by  the  dark  colour  of  the  area  of  infarction. 
In  the  course  of  one  to  three  clays,  the  hpemosiderin  of  the  spleen  tissue, 
which  is  very  considerable,  rapidly  and  completely  disappears  from  the  area 
of  this  infarct,  so  that,  in  obtaining  the  reaction  Avith  ferrocyanide  of 
potassium  and  hydrochloric  acid,  a  sharp  contrast  between  the  vivid  blue 
colour  of  the  normal  tissue  and  that  of  the  infarct,  which  is  completely 
free  from  Prussian  blue,  is  visible  even  to  the  naked  eye.  Similar  results 
are  obtained  Avith  the  reaction  "with  ferrocyanide  of  potassium  and  hydro- 
chloric acid.  The  hgemosiderin  in  the  area  of  the  ligature  is,  however,  com- 
pletely replaced,  so  soon  as  the  circulation  of  the  blood  in  the  spleen,  and 
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with  it  the  supply  of  oxygen,  is  restored,  by  loosening  the  ligatures  of  the 
veins. 

The  physiological  formation  of  bilirubin  or  hfematoidin  is  carried  out  in 
the  liver,  an  organ  which  is  chiefly  supplied  by  the  blood  of  the  portal  vein, 
which  contains  very  little  oxygen.  Pathological  formation  of  htematoidin 
mainly  takes  place  in  the  large  .  hremoiThages  in  the 
tissues  and  cavities  of  the  human  body  Avhich  have  become 
dark  red  as  a  result  of  want  of  oxygen.  Finally,  from 
a  chemical  point  of  view,  the  change  of  hiBmoglobiii  into 
hsematoidin  may,  speaking  generally,  be  compared  to  a 
process  of  reduction. 

H^emosiderin,  on  the  other  hand,  is  mainly  found  in 
small  extravasations,  and  esjDecially  in  pulmonary  tissue 
which  contains  a  large  amount  of  air  and  oxygen,  as  in 
chronic  venous  hypersemia  of  the  lungs  associated  with 
hfemorrhage  by  diapedesis.  Accordingly,  in  the  hsemo- 
siderin  the  iron  is  completely  saturated  with  oxygen. 

I  therefore  feel  justified  in  stating  that : — 

In  the  decomposition  of  hcemoglobin,  hcematoiclin  is  formed  p^.  292.  —  Cucuuiscribed 
in  situations  where  oxygen  is  small  in  amonnt,  and  hcemosiderin  hsemorrhasic  infarct  of 
in  parts  where  oxjjgen  is  in  excess.  The  simultaneous  occur- 
rence of  hsematoidin  and  hsemosiderin,  occasionally  ob- 
served, may  then  be  explained  by  the  presence  of  a  com- 
paratively small  supply  of  oxygen  in  the  tissues,  by 
which  a  portion  of  the  extravasated  haemoglobin  is  reduced 

to  hsematoidin,  while  the  remaining  portion  becomes  hasmosiderin  by  oxidation 
of  the  iron.  The  simultaneous  occurrence  of  the  two  decompositions  is 
facilitated,  because  the  haematoidin  is  free  from  iron  and  the  heemosiderin 
contains  iron.  Hiematoidin  and  haimosiderin,  although  frequently  preserved 
for  a  long  time  in  the  tissues,  may  eventually  disappear ;  hsematoidin, 
because  it  is  soluble  to  a  slight  degree  in  the  tissue  fluids ;  haemosiderin 
perhaps,  because  it  is  sometimes  decomposed  by  occasional  deficiency  of 
oxygen  in  the  tissues. 

The  processes  which  take  place  in  blood  extravasations  are  not  limited  to 


the  spleen  of  the  dog  five 
days  after  ligature  of 
some  of  the  branches  of 
the  splenic  veins.  Longi- 
tudinal   section.       Nat. 


Fig.  293. — Cells  containing  blood  corpuscles  from  the  spleen  pulp  in  typhoid,  after  a  drawing  of  my 

colleague,  Dr.  N.  Sokoloff,  x  1000. 


the  formation  and  the  eventual  solution  of  haematoidin  and  hsemosiderin. 
In  the  first  place,  in  addition  to  the  cells  containing  pigment  granules,  already 
mentioned,  cells  containing  blood  corpuscles  are  also  formed.  These  are  found 
in  great  quantity  in  the  spleen  pulp  in  typhoid,  when  the  pulp  becomes  over- 
crowded by  innumerable  blood  cells  (Fig.  293).  They  are  also  present,  how- 
ever, in  haemorrhages  in  other  organs,  although  in  less  number. 

A  great  number   of   the  extravasated  red  and  white  cells  of   the   blood, 
together  with  pigment  granules,  leucocytes  containing  pigment  granules,  and 
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cells  containing  blood  corpuscles,  pass  into  the  lymph-^•essels  and  thence  into 
the  nearest  lymph -glands.  Here  some  of  the  imported  cells  are  evidently 
broken  up.  At  least,  we  find,  especially  in  the  sinuses  of  these  lymph-glands, 
non-nucleated  and  nucleated  cells  "which  contain  more  or  less  haemosiderin,  and 
also  free  hfemosiderin  granules  in  varying  amount.  Many  red  and  white 
blood  corpuscles  apparently  pass  through  the  lymph-spaces  of  the  lymph-glands 
and  return  to  the  blood  along  with  the  lymph  in  a  more  or  less  unaltered 
condition,  or  after  losing  a  part  of  their  hemoglobin.  A  considerable  propor- 
tion of  the  dissolved  haemoglobin  of  the  extravasation,  and  also  a  part  of  the 
bile  pigment  formed  in  it,  and  remaining  in  solution,  are  reabsorbed  and  taken 
back  to  the  blood. 

During  these  processes  alterations  of  colour  take  place  in  the  extravasation 
and  its  vicinity,  and  may  be  perceived  through  the  unbroken  skin  when  the 
hemorrhage  is  superficial.  The  red  colour  first  passes  into  a  brownish  tint  and 
subsequently  becomes  bluish,  greenish,  and  finally,  yellow.  If  the  quantity  of 
bile  pigment  formed  be  considerable,  the  yellow  colour  may  considerably 
predominate,  indicating  loml  icterus.  Quincke  has  closely  traced  this  local 
icteric  colom'  by  experiments  on  dogs,  and  has  demonstrated  hrematoidin 
crystals  and  dissolved  bile  pigment,  microscopically  and  chemically,  in  these 
yellow-stained  tissues.  An  example  of  such  an  occurrence  in  man  has  already 
been  given  in  describing  snake-bite  (p.  42).  If,  in  such  a  case,  the  extra vasated 
blood  pigment  j^roduces  a  quantity  of  bile  pigment  in  the  injured  limb,  this 
may,  to  a  great  extent,  have  been  due  to  the  fact  that  a  toxic  cedema,  occur- 
ring simultaneously,  interferes  with  capillary  circulation  and  thus  causes  a 
deficiency  of  oxygen  in  the  tissues.  Deficiency  of  oxygen,  as  we  are  justified 
in  assuming,  is  the  most  important  condition  for  the  formation  of  hsematoidin, 
and  therefore  also  for  the  production  of  local  ictenis. 

This  case  of  snake-bite  explains,  at  the  same  time,  how  it  is  possible  that  a 
general  anhepatogenoiis  icterus  may  arise  from  local  icterus  of  any  part  of  the  body, 
a  fact  to  which  Quincke  drew  particular  attention.  In  this  case  the  general 
icterus  Avas  only  slight,  since  the  source  of  the  bile  pigment  was  limited. 
Therefore,  in  such  cases,  beyond  the  slight  yellow  coloration  of  the  conjunctiva 
of  the  eyes  and  the  yellow  tinge  of  the  skin,  which  can  hardly  be  recognised 
Avith  certainty,  there  is  not  much  to  be  seen.  The  urine,  in  particular,  is  un- 
altered, since  the  liver  completely  carries  out  the  excretion  of  the  superfluous 
bile  pigment  from  the  blood. 

Well-marked  forms  of  general  anhepatogenous  icterus  are  also  observed, 
hoAvever.  In  these  cases,  great  quantities  of  urobilin  first  appear  in  the  urine 
(urobilin  icterus,  Poncet,  Dreyfuss-Breisach,  Kunkel,  Quincke),  and  as  the  cases 
become  more  marked,  hiliruhia  also.  The  interpretation  of  the  individual  cases 
in  man  is  a  matter  of  gi'eat  difficulty,  howcA'er,  since  it  is  as  yet  almost  im- 
possible to  determine  accui-ately  the  part  taken  by  the  liver  in  the  formation 
of  bile  pigment  in  cases  of  intoxications  and  infections,  cardiac  lesions,  nervous 
disturbances,  blood  diseases,  and  multiple  hemorrhages,  all  of  which  may  pro- 
duce general  icterus.  Experiments  on  animals,  however,  yield  the  following 
general  result : — 

Dissolved  hcemoglobin  which  has  been  absorbed  by  the  blood  in  this  condition 
or  dissolved  Anthin  the  A^essels  is  excreted  by  the  kidneys,  either  as  hcrraoglobin 
or  mainly  as  riicthccmoglobin.  It  is  also  partly  converted  into  bilirul>in  in  the 
liver,  and  this  again  is  partly  transformed  into  urobilin  in  the  intestine,  from 
Avhence  it  may  be  reabsorbed  and  afterAvards  excreted  by  the  kidneys. 

Bilirubin  is  removed  from  the  blood  by  the  liver  and  kidneys  as  bilirubin, 
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and  excreted  in  part  by  the  kidneys  as  nrohilin.  It  is  probable  that  in  many 
cases  the  urobilin  of  the  urine  is  dei-ived  from  the  intestine,  where  it  originated 
in  the  bilirubin  yielded  by  the  liver. 

In  very  extensive  breaking  down  of  the  red  cells  of  the  blood  (Quincke) 
and  in  extensive  multiple  haemorrhages  (Hindenlang)  many  organs,  such  as  the 
lymph -glands,  liver,  spleen,  bone -marrow,  become  deeph^  pigmented  with 
granular  ha?mosiderin. 

Chloroma  (Aran)  represents  a  special  form  of  hsematogenous  pigmentation, 
forming  the  green  colour  of  many  tumours.  These  are  cellular  new  formations, 
consisting  chiefly  of  lymphoid  cells  which  present  a  more  or  less  green  tint  on 
their  cut  surface.  This  is  usually  diffuse,  but  Huber  and  Chiari  have 
described  cases  in  which  green  pigment  was  associated  with  the  presence  of 
minute  fat  droplets  in  the  cell  protoplasm.  As  was  shown  by  "Waldstein,  the 
green  pigment  in  chloroma  is  very  probably  a  derivative  of  the  blood  pigment. 
Ochronosis  of  the  cartilages  belongs  to  the  same  class  of  pigmentation.  E. 
Virchow  and  Bostrom  have  described  two  cases  of  black  pigmentation  of  all  the 
cartilages  of  the  human  body  which  were  produced  by  granular  black  and  black- 
brown  pigment,  partly  in  solution  and  partly  granular.  Diseased  portions  of  the 
endocardium  and  of  the  arteries,  where  there  was  a  thickening  "vvith  connective 
tissue,  showed  the  same  colour.  In  both  cases  the  absorption  of  disintegrated 
blood  pigment  by  the  circulating  blood  appears  to  have  been  the  cause  of 
the  remarkable  pigmentation. 

Lastly,  a  special  position  is  occupied  by  the  fine,  intensely  Ijlack  granules 
of  pigment  characteristic  of  melana'inia.  It  may  be  quite  well  assumed  that 
this  pigment  also  is  a  derivative  of  the  human  blood  pigment.  Apparently  it 
only  occurs  when  parasitic  microbes,  the  malaria  plasmodia,  are  present  in  the  red 
blood  cells  (Plate  IV.,  Fig.  /).  In  intermittent  fever,  the  malaria  plasmodia 
pass  into  the  red  blood  cells.  These  then  become  gi'adually  decolorised,  while 
the  black  granules  are  formed  within  the  parasite.  These  latter  subsequently 
divide  into  a  large  number  of  younger  parasites,  leaving  a  portion  of  the  original 
protoplasm  undivided.  This  portion  of  the  protoplasm  contains  the  melanin 
molecules.  Both  it  and  the  now  colourless  cells  Avhich  contain  it  break  down, 
and  the  melanin  particles  are  set  free.  They  circulate  free  in  the  blood  for  a 
time,  but  are  at  length  taken  up  by  the  white  cells,  which  are,  as  a  rule,  increased 
in  number.  The  melanin  particles  pass  with  the  ])lood  into  all  the  organs,  and 
then,  by  transudation,  into  the  tissues,  to  which  they  give  an  ashen-gray  colour. 
In  the  tissues  they  are  mainly  situated  along  the  blood-vessels.  It  is  only 
in  the  spleen  that  they  are  found  in  great  quantity  (Fig.  294),  the  liver,  and 
the  bone-marrow,  the  organs  in  which  foreign  granular  substances  in  the  blood 
are  always  deposited. 

Toxic  melancemia  produced  by  carbon  bisulphide  and  carbon  oxysulphide 
(C.  Schwalbe)  has  already  been  briefly  mentioned  in  the  discussion  of  intoxications 
(p.  43).  No  researches  have  been  published  as  to  the  details  of  the  origin  of 
the  pigment  in  these  cases. 

Fseudomelanosis  is  the  l)lack  colour  given  to  the  tissues  by  hremosiderin 
granules.  After  death  these  are  gradually  changed  into  sulphide  of  iron  by  the 
action  of  the  products  of  putrefaction  containing  sulphuretted  hydrogen,  and 
by  the  diffusion  of  the  intestinal  gases. 

Pseuclomelanosis,  accordingly,  most  frecpiently  appears  in  the  abdominal 
organs  as  spotted,  black  and  gray  markings  (Neumann). 

Psendomelanosis,  however,  must  be  distinguished  from  the  formation  of  vivianite.    Friedreich, 
Grohe,  and  Bottcher  have,  with  the  aid  of  the  microscope,  occasionally  found  in  parts  of  the 
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cadaver  radially  striated  tufts  and  nodules  of  crystals,  yellow  or  brown  in  colour,  which  became 
dark  blue  on  the  access  of  air. 

These  crystals  consisted  of  ferrous  phosphate,  which  is  easily  oxidised  on  exposure  to  air 
into  the  blue  ferroso-ferric  phosphate.  In  other  cases,  the  vivianite  crystals  had  already  become 
blue  when  they  were  observed.  When  this  happens,  blackish-gi'ay  and  blue  spots  can  be  perceived 
in  the  organs,  under  certain  circumstances,  even  with  the  naked  ej'e.  Under  the  action  of 
ammonium  sulphide,  the  vivianite  formations  become  black  ;  potash  and  soda  cause  their 
colour  to  change  into  that  of  yellow  or  brown  hydrated  oxide  of  iron.  In  sulphuric  acid, 
hydrochloric  acid,  and  nitric  acid  they  are  soluble,  and  in  concentrated  acetic  acid  insoluble. 

In  the  cases  described  by  Bottcher,  the  presence  of  these  peculiar  formations  was  due  to  the 


Fig.  294.— Wide,  thin-walled  ^eins  and  adjacent  pulp  tissue  of  tlie  spleen  with  inelanaemic  pigmentation.  The 
black  granules  of  pigment  lie  singly  and  in  groups,  partly  free,  partly  enclosed  in  the  cells  and  in  the  veins 
of  the  pulp  tissue.  Beside  them  are  numerous  red  blood  cells  decolorised  by  hardening,  and  in  the  vein  is 
a  cell  containing  a  blood  corpuscle  (after  a  drawing  by  Dr.  Sokoloff).     x  960. 

fact  that  the  parts  of  the  cadaver  had  been  preserved,  until  decomposition  was  begun  or  ad- 
vanced, in  an  iron  tub  whose  walls  had  given  up  iron  to  the  preparations.  In  Friedreich's 
case,  the  great  amount  of  ha?mosiderin  present  might  perhaps,  under  the  influence  of  decom- 
position, have  yielded  the  iron  for  the  vivianite  formation. 

(2)  Autochthonous  pigmentation  is  the  formation  of  pigment  by  the  tissues  from 
the  non-pigmented  nutrient  fluids.  The  pigment  is  then  found  either  in  a 
granular  condition  or  in  sokition. 
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Granular  autochthonous  pigment  produces  colorations  which  appear  brown  or 
black  to  the  naked  eye,  but  under  the  microscope  in  all  cases  show  fine  brown 
granules  in  the  tissues.  These  vary  greatly  in  quantity,  and  their  colour  is 
sometimes  light  and  sometimes  dark  brown.  This  granular  pigment  is  situated 
chiefly  in  the  cells  of  the  tissues,  and  only  sparingly  in  the  intercellular 
substance.     It  gives  no  iron  reaction. 

Physiological  granular  autochthonous  pigment  is  developed  mainly  in  the 
pigmented  layer  of  the  retina,  in  the  iris  and  choroid,  and  in  the  corium  and  rete 
Malpighi  of  the  skin.     These  are  the  organs  which  are  mainly  exposed  to  the 
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Fig.  295.— Skin  of  tlie  abdomen  in  Addison's  disease.  Brown  pigmentation  of  the  deeper  layers  of  tlie  rete 
Malpighi.  Connective  tissue  cells  containing  brown  pigment  in  the  apex  of  a  vascular  papilla  of  the 
corium.    x  1000. 


influence  of  light.  Marked  diff'erences  are  seen  in  difterent  races  and 
families.  Pathological  pigmentations  also  chiefly  affect  these  parts  of  the  body. 
They  occur  either  as  local  pathological  conditions  or  in  connection  with  general 
diseases. 

In  Addison's  disease  we  have  to  deal  with  a  grave  general  disease  which 
terminates  fatally.  It  manifests  itself  by  a  slowly  progressive  wasting  of  the 
whole  body,  by  progressive  weakness  of  the  muscles,  debility,  neuralgias,  and  by 
a  gradual  bronzing  of  the  skin  and  mucous  membranes,  where  these  are  exposed 
to  the  action  of  light.  As  a  rule,  caseous  degeneration  of  the  suprarenal 
capsules,  generally  tubercular  in  nature,  is   present  at  the  same  time.     The 
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brown  coloration  of  the  skin  is  due  to  an  increase  of  its  normal  granular 
pigment,  which  is  situated  in  the  most  superficial  layers  of  the  corium  and  in 
the  rete  Malpighi  (Fig.  295),  and  the  coloration  of  the  mucous  membranes  to 
an  analogous  pigmentation  of  the  deeper  layers  of  the  epithelium  of  the  mouth, 
the  conjunctiva,  the  prepuce,  and  the  vagina. 

Among  the  local  autochthonous  pigmentations,  the  'pigmented  moles  of  the  skin 
and  the  pigmented  tumours,  especially  melanotic  sarcoma,  must  be  included.  In  them 
the  pigment  is  found  in  a  granular  form  in  the  cells  of  the  connective  tissue 
and  in  the  sarcoma  cells  (Fig.  296).  In  the  heart- muscle,  also,  pathological 
autochthonous  granular  pigmentation  of  a  local  character  occurs  which  will  be 
more  fully  considered  in  the  following  chapter.  As  a  result  of  melanotic 
sarcoma,  a  condition  which  is  of  general  interest  is  sometimes  observed,  viz. 
melamiria  or  black  urine.  Melanotic  sarcomata  (Fig.  297)  sometimes  spread 
in  great  numbers  over  the  whole  body.     The  urine  then  is  normal  in  colour 


Fig.  296. — Autochthonous  pigmentation  in  the 
connective  tissue  cells  of  a  mole  of  the  skin. 
From  a  girl  aged  eighteen  months,    x  1000. 


Fig.  297. — Autochthonous  pigmentation  of  the  cells  of  a 
melanotic  sarcoma  of  the  skin  of  the  foot.  The  pigmentation 
of  the  cells  is  unequal,  some  cells  having  no  pigment.  In 
the  middle  is  a  capillary  with  connective  tissue  adventitia. 
X400. 


when  freshly  passed,  but  becomes  gray  or  black  in  a  few  hours  if  exposed  to 
the  air.  Obviously,  a  reduced  chemical  body  in  solution  is  contained  in  the 
urine  of  these  patients,  which  becomes  black  on  the  access  of  oxygen.  This 
colourless  substance  which  becomes  pigmented  is  probably  taken  uj3  from  the 
black  pigment  tumours  by  the  blood  and  excreted  by  the  kidneys.  In  any 
case,  it  explains  the  possibility  of  the  formation  of  autochthonous  pigment  from 
colourless  substances — a  process  which  usually  goes  on  in  the  cells  and  is 
regarded  as  their  specific  function. 

Autochthonous  granular  pigment,  whether  normal  or  pathological,  occurs 
in  a  great  variety  of  cells,  in  ejjithelium,  in  connective  tissue,  in  muscle  fibres, 
in  ganglion  cells,  and  other  situations.  Further  investigations  are  required  to 
show  whether  pigment  and  pigment  cells  may  wander  from  one  point  to 
another.  Riehl,  Ehrmann,  Aeby,  and  Kolliker  thought  that  the  formation 
of  the  pigment  in  the  skin  and  its  appendages,  in  the  rete  INIalpighi,  and  the 
hairs  was  to  be  explained  by  the  fact  that  pigment  cells,  formed  in  the  sub- 
jacent connective  tissue,  passed  into  the  skin,  and  gave  off  some  of  their  pigment 
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to  the  epithelial  cells.  This  view,  which  Karg  tried  to  support  by  experiment, 
has,  however,  been  gradually  shaken  by  the  careful  researches  of  G.  Schwalbe. 
It  may  still  hold  good  in  a  few  cases,  especially  for  the  transference  of 
the  pigment  of  the  pigmented  layer  into  the  inner  layers  of  the  retina  in 
retinitis  pigmentosa. 

The  chemical  nature  of  the  granular  autochthonous  pigment  has  been 
investigated  especially  by  Nenski,  according  to  Avhom  the  pigment  is,  in  many 
cases,  free  from  iron,  contains  sulphur,  but  shows  frequent  variations  in 
solubility.  In  many  cases  sulphur  also  is  absent.  In  estimating  those  views, 
it  must  be  remembered  that  in  autochthonous  pigmented  tissues,  especially  in 
melanotic  sarcoma,  haemorrhages  occasionally  occur  which  may  lead  to  the 
formation  of  haemosiderin  granules  containing  iron. 

Among  the  pigmcntdtions  of  the  tissues  hy  the  dissolved  autochthonous  pigment,  the 
yellow  colouring  mcdter  in  the  cells  of  the  corpora  lutea  of  the  ovaries  may  be 
mentioned  as  a  physiological  example  of  yellow  pigment,  while  the  pigment  in 
the  fat  droplets  of  the  tumour  which  has  already  been  discussed  (xanthelasma), 
represents  a  pathological  occurrence. 

(3)  The  last  form  to  be  described  is  pigmentation  by  extraneous  substances. 

In  tcdtooing,  fine  granular  pigments  of  various  kinds  (cinnabar,  soot,  gun- 
powder) are  rubbed  into  small  punctures  and  incisions  in  the  skin.     Part  of 
the  colouring  matter  remains  in  the  small  cicatrices  when  the  wound  heals,      / 
another  part  is  carried  off  by  the  blood^stream,  and  reaches  the  nearest  lymph-       " 
glands,  where  it  remains  visible  for  a  long  time. 

Pigmentations  due  to  inhakdion  of  dust  are  of  more  importance.  After 
attention  had  first  been  directed  to  this  question  by  English  and  French 
physicians,  among  whom  Gregory  and  Thomson  should  be  mentioned,  the 
essential  points  of  the  subject  were  explained  by  the  investigations  of  Traube, 
Zenker,  Leuthold,  KnauflF,  Merkel,  v.  Ins,  Ruppert,  Schottelius  and  J.  Arnold. 
It  appears  that  finely  divided  dust  which  passes  into  the  lungs  with  the 
breath,  is  partly  taken  up  by  them  and  partly  returned  with  the  sputum.  In 
the  sputum  there  is  thus,  in  addition  to  free  dust  particles,  a  varying  number 
of  lymphoid  and  epithelial  cells  whose  protoplasm  contains  dust  particles.  In 
the  lung  tissue,  however,  a  tint  corresponding  to  the  colour  of  the  dust  makes 
its  appearance.  The  dust  particles  are  found  partly  free,  partly  enclosed  in 
the  walls  of  the  alveoli,  the  alveolar  septa  (Fig.  298),  and  in  the  interlobular, 
peri-bronchial,  and  peri-vascular  connective  tissue.  The  larger  strands  of  con- 
nective tissue  in  the  lungs  usually  contain  a  very  great  quantity.  It  is  very 
rare  that  so  great  a  quantity  of  dust  is  found  in  the  alveolar  septa,  as  in  Fig. 
298.  From  the  lungs  the  dust  then  passes  with  the  lymph-stream  into  the 
bronchial  lymph -glands,  where  it  is  almost  completely  arrested.  It  may 
happen,  however,  as  was  pointed  out  by  Weigert,  that  the  lymph-glands,  which 
are  full  of  dust,  may  soften  from  some  cause  or  other,  and  rupture  into 
neighbouring  veins.  The  dust  then  enters  the  blood,  and  thus  passes  into 
other  organs,  especially  the  liver,  spleen,  and  bone -marrow.  It  appears  from 
Arnold's  researches,  however,  that  it  is  also  possible  that  the  dust  may  invade 
the  large  blood-vessels  of  the  lungs,  and  from  these  pass  into  the  circulation, 
although  only  a  small  quantity  of  dust  can  be  carried  off  in  this  way. 

Among  the  extraneous  pigmentations  which  are  formed  in  this  manner, 
the  most  common  is  the  pigmentation  of  the  lungs  by  inhaled  soot  and  coal 
dust,  anthracosis  pulmonalis.  Slight  degrees  of  this  are  found  in  every  cadaver ; 
in  advanced  cases  the  lung  is  perfectly  black,  over  a  greater  or  less  extent,  and 
is  frequently  very  much  altered  in  structure,  as  the  result  of  the  inhalation  of 
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dust.  In  many  cases  the  lungs  are  red  from  inhalation  of  the  hydrated  oxide 
of  iron  or  English-red,  a  powder  commonly  used  as  a  polish  in  many  trades 
(siderosis  piblmonalis,  Zenker).  Many  other  coloured  varieties  of  dust  give 
corresj^onding  colorations  of  the  tissues,  and  these  invariably  extend  as  far  as 
the  bronchial  lymph-glands. 

Argiiria  is  a  special  form  of  extraneous  pigmentation.  It  appears  that, 
while  the  intestine  cannot  absorb  granular  pigments,  it  very  easily  absorbs 
many  substances  in  solution.  After  a  long  course  of  silver  taken  medicinally, 
the  silver  passes  into  the  lymph  and  the  blood,  probably  as  an  albuminate, 
and  is  then  deposited  in  the  organs  in  fine  black  granules.  The  skin,  especially, 
takes  on  a  dark  gray  colour,  but  the  deposits  of  silver  are  also  found  in  the 
internal  organs,  in  the  liver  cells  (Kobert),  the  kidneys,  the  arterial  walls,  the 
mucous  membranes  and  other  situations.     Microchemically,  the  silver  granules 


Fig.  29S. — Pulmonary  alveoli  with  thickened  walls.  Great  pigmentation  by  inlialed  black  pigment,  soot,  which 
is  either  free  or  enclosed  in  cells  in  the  connective  tissue  of  the  alveolar  septa,  in  the  alveolar  epithelium, 
and  in  the  exudation  filling  the  alveoli.  Prom  the  lungs  of  a  man  of  thirty-nine  who  died  from  pulmonary 
tuberculosis,    x  330. 


can  be  easily  recognised  from  the  fact  that  they  become  invisible  on  the 
addition  of  cyanide  of  potash  or  concentrated  nitric  acid,  and  again  appear 
when  ammonium  sulphide  is  gradually  added. 

General  argyria,  caused  by  absorption  of  silver  from  the  intestine,  does  not, 
as  a  rule,  affect  the  epithelial  cells  of  the  organs.  It  is  to  be  distinguished 
from  the  discoloration  of  the  skin  by  silver  in  those  who  Avork  among  silver, 
in  whom  the  metal,  penetrating  from  without,  first  blackens  the  outer  layers 
of  the  skin  and  causes  a  local  argyria,  as  opposed  to  general  argyria  produced 
by  medicines. 
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XI.  Simple  Atrophy,  Hypoplasia,  and  Aplasia 

The  term  atrophy,  in  the  widest  sense  of  the  word,  is  applied  to  any 
diminution  in  size  of  separate  organs  or  the  body  as  a  whole.  This  may  be 
the  result  of  the  degenerative  processes  already  described,  degenerative  atrophy. 
In  other  cases,  parts  of  the  body  may  become  reduced  in  size  without  any 
degeneration.     This  is  simple  atrophy  or  atrophy  in  its  more  limited  sense. 

Simple  atrophy  is  caused  either  by  a  reduction  of  the  size  or  number  of  the 
elements  of  the  tissue,  or  by  both  these  factors,  the  protoplasm  of  the  cells 
showing  no  changes  in  its  physical  structure,  as  seen  under  the  microscope.  In 
many  cases,  however,  the  atrojjhic  tissue  is  deeply  pigmented,  especially  in  the 
liver  and  heart.  This  dark  colour  is  often  due  to  the  fact  that  the  pigment 
of  the  organ  does  not  disappear  in  the  same  proportion  as  the  other  elements. 
In  many  cases,  however,  the  atrophy  seems  to  be  associated  with  great  forma- 
tion of  pigment,  pigmentary  atrophy.  This  is  observed  in  some  cases  of  atrophy 
of  the  heart  (Fig.  299).  In  the  neighbourhood  of  the  muscle  nuclei,  dense 
accumulations  of  brown  pigment  granules  are  found  in  such  quantity  that  the 
muscle  appears  dark  brown,  even  to  the  naked  eye. 

Simple  atrophy  is  due  to  very  various  causes,  which  may  be  subdivided  as 
follows  : — 

(a)  Senile  and  marasrnic  atrophy.  Marasmus,  in  so  far  as  it  is  not  due  merely 
to   old  age,  but  is  a  pathological   condition,  may  be  described  as  j)remature 
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senility  (senium  prcecox).  This  condition  is  produced  by  many  local  and 
general  diseases,  but  especially  by  diseases  of  tbe  digestive  apparatus  and 
central  nervous  system.  In  both  senile  and  premature  marasmus  there  is  a 
simple  atrophy  of  the  organs  which  involves  all  the  structural  elements, 
although  not  in  an  equal  degree.  As  a  rule,  the  atrophy  specially  affects  those 
structural  elements  which  carry  on  the  specific  function  of  the  various  organs. 
This  fact  may  indicate  that  senile  and  marasmic  atrophy  are  due  to  exhaustion  of 
these  tissue  elements,  induced  by  the  comparatively  large  demands  made  upon 
them  during  their  functional  activity.  This  exhaustion  of  the  tissue  elements, 
which  is  also  shown  by  the  ease  with  which  fatigue  may  be  produced,  is  physio- 
logical in  old  age,  and  occurs  prematurely  where  there  is  insufficient  supply  of 
nutriment,  in  chronic  disorders  of  the  digestion,  for  instance,  and  in  cerebral 
injuries,  which  perhaps  cause  vaso-motor  or  trophic  disturbances. 

In  the  liver  it  is  the  parenchyma  cells,  and  in  the  spleen  the  cells  of  the 
pulp,  which  become  most  markedly  diminished  in  senile  and  marasmic  atrophy. 
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Fig.  290. — Brown  atrophy  of  the  heart-muscle,  x4S0. 


The  epithelial  cells  of  the  kidneys  also,  and  of  the  glands  of  the  mucous  membrane 
in  the  intestinal  canal,  are  greatly  reduced,  while  the  connective  tissue  stroma  of 
these  organs  shows  only  slight  diminution.  In  the  heart  the  muscle  fibres 
become  much  smaller  and  thus  reduce  the  volume  of  the  organ  (Fig.  299). 
Bones,  fascije,  and  ligaments,  however,  show  considerable  diminution  in  the 
bulk  of  the  intercellular  substance,  which  is  the  only  functional  part  in  these 
structures.  Even  in  the  supporting  tissues  of  the  body,  and  in  the  bones 
especially,  numerous  tissue  elements  completely  disappear.  Associated  with 
the  atrophy  of  the  supporting  tissues  there  is  a  diminution  of  their  elasticity, 
giving  rise  to  the  Avrinkled,  dry  skin  of  aged  and  marasmic  individuals ; 
similarly  the  elasticity  of  the  vessel  walls  is  impaired,  and  this  leads  to  those 
further  changes  which  result  in  angiosclerosis.  Atrophy  of  the  muscles  leads 
to  a  shortening  of  the  vertebral  column,  due  to  the  exaggeration  of  the 
physiological  curves,  and  the  bent  attitude  of  old  age  and  marasmus. 

(b)  Atrophy  from  disuse.  In  this  condition  the  mutual  relation  between 
nutrition,  function,  and  tissue  formation  which  has  already  been  described 
(see  p.  369)  is  very  Avell  seen.     Experience  shows  that  the  different  organs  of 


446  A  TROPHY 


the  human  body  undergo  simple  atrophy  after  long- continued  disuse  or  loss 
of  function.  This  is  exceedingly  well  seen  in  the  muscles  and  supporting 
structures,  viz.  bones,  ligaments,  tendons,  fasciae,  and  cartilages.  If  an  ex- 
tremity is  rendered  useless  by  the  growth  of  a  tumour,  or  by  the  deformity 
produced  hy  a  badly  united  fracture,  it  gi'adualty  becomes  atrophied.  During 
the  process,  muscles,  bones,  f  ascise,  tendons,  and  ligaments  become  reduced  in  size 
in  almost  equal  proportions,  since  their  functions  are  directly  related.  The  same 
thing  occurs  in  limbs  which  are  rendered  useless  by  nerve  lesions.  The  atrophy 
which  occurs  in  these  cases  is  a  less  simple  process,  however,  as  will  be  shown 
in  the  consideration  of  the  next  form  of  atrophy. 

(c)  Neurotic  atrophy.  It  has  already  been  suggested,  in  discussing  senile  and 
marasmic  atrophy,  that  the  condition  of  the  central  nervous  system  is  of  great 
importance  as  regards  the  nutrition  of  the  other  parts  of  the  body.  In 
cerebral  lesions,  especially  in  the  common  form  of  progi^essive  paralytic 
dementia,  so  advanced  a  degree  of  marasmic  atrophy  of  all  the  organs  frequently 
develops  in  a  very  short  time,  that  we  are  forced  to  ascribe  great  influence  over 
the  nutrition  of  the  organs  to  the  central  nervous  system. 

Similarly,  after  destruction  of  the  ganglion  cells  in  the  anterior  horn  of  the 
cord,  Avell-marked  atrophy  is  observed  in  the  muscles,  bones,  ligaments,  tendons, 
fasciae,  and  skin  of  the  extremities.  These  ganglion  cells  have  motor  and  vaso- 
motor functions.  The  result  which  follows  their  destruction,  the  atrophy  of  the 
extremities,  is  therefore  clue  to  more  than  one  cause.  The  paralysis  of  the 
muscles  of  extremities  which  sets  in,  gives  rise  to  atrophy  from  inaction.  Vaso- 
motor disturbance  is  also  present,  as  is  shown  by  the  fact -that  the  paralysed 
limb  cools  more  rapidly  than  the  healthy  one  Avhen  the  siuTOunding  temperature 
falls.  It  is  therefore  quite  possil)le  that  the  vaso-motor  distiu'bances  impair  the 
nutrition  of  the  paralysed  extremity  and  also  cause  atrophy.  Lastly,  there  is 
the  fiu"ther  possibility  that  the  ganglion  cells  of  the  anterior  horn  of  the  spinal 
cord  give  off  trophic  nerves  which  directly  influence  the  nutrition  of  the 
tissues.  The  destruction  of  the  anterior  horn  of  the  spinal  cord  might  then 
result  in  paralysis  of  the  trophic  nerves,  and  by  this  means  directly  cause  troj^ho- 
neurotic  atrophy. 

Section  of  a  nerve,  if  there  is  no  subsequent  union  of  the  cut  ends,  and  other 
nerve  lesions  produce  similar  effects.  Unilateral  facial  atrophy,  consequent  on 
disease  of  the  nerves  on  one  side  of  the  face,  is  well  known,  and  in  the  same 
way  long-continued  disease  of  the  sciatic  nerve  causes  a  high  degree  of  atroj)hy 
in  the  extremity  to  which  it  is  distributed. 

It  should  be  mentioned  that,  in  addition  to  simple  atrophy,  degenerative 
conditions  in  the  muscles  are  often  associated  with  the  above  lesions  of  the 
central  and  peripheral  nervous  system,  and  that  the  diseased  nerve  trunks 
themselves  are,  as  a  rule,  degenerated. 

(d)  Pressure  atroj^Juj.  Any  considerable  increase  in  the  pressure  on  the 
organs  and  portions  of  organs  leads  to  atrophy  of  their  parenchyma.  If  there 
is  no  other  injurious  influence,  this  is  a  simple  atrophy.  It  is  seen  in  a  very 
typical  form  in  the  changes  in  shape  which  occur  in  the  liver,  when  the  lower 
opening  of  the  thorax  is  constricted.  When  the  waist  is  compressed  by  tight- 
lacing  in  women,  the  thorax  is  often  considerably  narrowed  and  highly 
deformed.  The  pressure  of  the  right  costal  margin  then  produces  a  deep 
olilique  furrow  in  the  liver,  mider  which  the  liver  cells  disappear.  The 
diaphragm,  also,  is  often  thrown  into  folds  which  produce  grooves  on  the  convex 
surface  of  the  liver  (Fig.  300).  The  loss  of  liver  tissue  is,  as  a  rule,  com- 
pensated by  a  regenerative  increase   in   volume   in   other  parts   of  the  liver. 
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Pressure  atrophy,  nevertheless,  is  distinctly  present.  Pressure  atrophy  is 
also  found  in  many  other  organs.  The  inner  table  of  the  skull  is  thinned 
when  there  has  been  long-continued  abnormally  high  pressure  in  the  cranial 
cavity.  The  pressure  of  a  dilated  aorta  (aneurism)  sometimes  causes  absorp- 
tion of  parts  of  the  bones  forming  the  walls  of  the  thorax,  viz.  the  bodies 
of  the  vertebrae,  the  sternum,  and  ribs.  Indeed,  pressure  atrophy  is  a  process 
which  is  frequently  associated  with  other  pathological  conditions.  Very  many 
diseases  lead  to  new  formation  of  connective  tissue  in  the  interior  of  organs. 
This  tissue  which  is  at  first  yielding  becomes  afterwards,  for  the  most  part,  firm, 
contracting,  cicatricial  tissue  which  constricts  the  parts  of  the  organ  that 
remain,  and  causes  them  to  atrophy  to  a  greater  or  less  extent  by  the  pressure. 
During  foetal  life,  and  during  the  period  of  growth  after  birth,  atrophy  may 
also  appear,  limiting  the  growth  of  the  organs,  hypojAada,  or  quite  arresting  it, 
aplasia.     In  many  cases,   the  causes  are  the  same   as   those  just   described. 


Fio.  300.— Constricted  liver.    Anterior  aspect.    Half  natural  size. 


Certain  diseases  of  the  foetus,  congenital  syphilis  especially,  can  restrict  the 
general  development  of  the  foetus.  Abdominal  contents  displaced  into  the 
thoracic  cavity,  hinder  the  development  of  certain  parts  of  the  lungs  by  their 
pressure ;  disturbances  of  development  in  the  central  nervous  system  give  rise 
to  imperfect  development  in  the  anterior  middle  line  of  the  body  and  in  the 
extremities.  In  many  cases,  however,  hypoplasia  and  aplasia  represent  a 
disturbance  which  indicates  a  deficiency  in  the  germinal  area  which  cannot  at 
present  be  accounted  for.  This  class  includes  congenital  dwarf-growth,  com- 
plete or  nearly  complete  absence  of  some  organs,  and  finally,  the  premature 
cessation  of  the  growth  of  separate  organs  and  parts  of  the  body,  or  of  the 
whole  body. 
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B.  Progressive  or  Formative  Metamorphoses  in  Tissues 

I.  General 

Those  progressive  tissue  changes  which  are  pathological  lead  to  an  increase 
in  the  pre-existing  elements  of  the  tissues.  In  their  histological  relations, 
therefore,  they  show  no  essential  differences  from  the  corresponding  physio- 
logical processes.  Speaking  generally,  pathological  progressive  tissue  change 
is  more  or  less  closely  allied  to  the  types  of  embryonic  development  and  physiological 
growth.  Where,  however,  the  deviation  from  those  types  exceeds  a  certain 
limit,  a  third  type  may  be  instituted,  viz.  that  of  j^C't^i'Ologircd  new  formation. 
This  form  is  specially  seen  in  those  progressive  tissue  changes  which  begin  by 
a  new  formation  of  granulation  tissue.  Granulation  tissue,  as  it  is  developed 
in  the  floor  of  a  traumatic  loss  of  substance,  presents  to  the  naked  eye  special 
featui-es  which  difter  from  physiological  processes,  although  more  exact 
observation  shows  those  differences  to  be  really  unimportant  and  to  have  no 
essential  significance.  The  granulation  tissue  in  wounds  is  also  developed 
from  pre-existing  tissue  elements  and  has  the  characteristics  of  young  connective 
tissue.  The  histological  processes  concerned  in  its  origin  and  development  are 
the  same  as  those  always  seen  in  embryonic  formation  of  tissue. 

The  increase  in  the  pre-existing  constituents  of  a  tissue  is  caused,  as 
Virchow  has  shown,  either  by  an  increase  in  size  of  the  indi-\ddual  tissue 
elements,  true  hypertrophy,  or  by  an  increase  in  the  number  of  the  tissue 
elements,  false  hypertrophy,  numericcd  hypertrophy  or  hyperplasia,  or  thirdly, 
and  most  commonly,  by  a  combination  of  true  hypertrophy  and  hyperplasia. 
(The  term  pseudo-hypertrophy^  which  is  occasionally  met  with,  was  already 
discussed  under  lipomatosis.)  It  indicates  atrophy  of  an  organ  combined  ^Wth 
an  excessive  development  of  adipose  tissue,  so  as  to  lead  to  an  increase  in  the 
size  of  the  organ. 

True  hypertrophy  can  only  be  shown  to  occur-  l)y  accurate  micrometric 
measurement  of  the  tissue  elements,  for  which  purpose  the  methods  used  by 
myself,  and  by  Goldenberg  under  my  direction,  are  well  adapted.  As  an 
example  of  this  true  hypertrophy,  we  may  mention  the  increase  in  thickness 
of  the  muscle  fibres  of  the  heart,  described  by  Letulle,  Goldenberg,  and  Tangl, 
which  occurs  when,  from  arterial  changes  or  valvular  disease,  there  is  an 
increase  of  the  myocardium — that  is,  hypertrophy  of  the  heart-muscle.  In  this 
case,  the  increase  in  thickness  of  the  fibres  of  the  heart-muscle  is  the  conse- 
cjuence  of  a  hypertrophy  of  the  component  muscle  cells.  This  is,  hoAvever, 
apparently  associated  with  a  new  growth  of  muscle  cells.  (It  may  also  be 
conjectured  that  possibly  there  is  an  atrophy  of  the  most  internal  layers  of 
the  myocardium  in  those  fibres  nearest  the  cavities  of  the  heart,  caused  by 
coincident  dilatation  of  the  ventricles.)  The  hypertrophy  of  the  heart  is 
therefore  a  true  hypertrophy,  although  one  cannot  fully  exclude  the 
occurrence,  at  the  same  time,  of  hyperplasia  or  increase  in  number  of  some  of 
the  muscle  cells,  and  of  atrophy  of  a  few  isolated  ones. 

The  cause  of  this  hypertrophy  is  to  be  looked  for  in  the  increase  in  work 
done  by  the  heart,  "functional  hypertrophy."  The  pathological  condition  of 
the  vessel  walls  heightens  the  resistance  to  the  blood-stream,  or  the  disease  of 
the  valves  implies  an  injury  of  the  mechanical  apparatus  of  the  heart  which 
renders  useless  a  part  of  the  work  done  by  it.  When,  in  spite  of  this,  the 
circulation  is  maintained  in  comparatively  normal  fashion,  it  may  be  assumed 
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that  there  is  an  increase  in  the  working  power  of  the  heart,  and  experience 
shows  that  hypertrophy  of  the  heart  does  occur  in  all  such  cases,  if  the  demand 
on  the  heart-muscle  does  not  exceed  certain  limits,  and  if  the  general  nutrition 
of  the  patient  is  such  as  to  allow  of  the  development  of  a  hypertrophic 
condition.  It  may  also  be  mentioned  that  hypertrophy  is  more  easily 
produced  in  young  tissues.  The  hypertrophy  of  the  heart  consequent  on 
increase  in  function,  compensates,  therefore,  for  the  disturbance  caused  by  the 
diseased  vessels  and  valves.  This  result  is  expressed  by  the  term  compensatwij 
hypertrophy. 

Hypertrophy  occurs  in  like  manner  in  most  of  the  organs  when  their 
function  is  increased.  It  is  also  found  when  separate  portions  of  an  organ  die, 
or  Avhen  one  of  a  pair  of  organs  is  either  completely  or  partially  destroyed  or 
rendered  functionally  useless  by  some  pathological  process.  The  remaining 
part  of  the  tissue  then  undertakes  the  function  of  the  original  entire  organ, 
and  the  larger  amount  of  work  required  of  each  part  of  the  organ  leads  to  a 
functional  hypertrophy  which  is  also  compensatory  in  character. 

When  one  kidney  has  been  destroyed  hy  pathological  changes,  or  when  it 
has  been  removed  by  operation,  either  in  man  or  in  the  lower  animals,  a  hyper- 
trophy of  the  other  kidney  develops  in  a  short  time  (Rayer) ;  the  loss  of 
renal  tissue  is  made  good.  The  compensation  and  the  hypertrophy  of  the 
other  kidney  are  most  complete  when  the  loss  of  the  first  occurs  in  early  life, 
immediately  after  or  during  ftetal  growth.  "Where  there  is  congenital  alisence 
of  one  kidney,  the  other  is  found  in  later  life  to  be  so  markedly  enlarged  that 
it  may  be  double,  or  more  than  double,  the  normal  size  and  weight.  If  the 
left  kidney  in  a  healthy  adult  (thirty-five  years)  averages  157  grammes  in 
weight  and  the  right  kidney  149  gi\ammes,  the  sum  of  the  Aveights  of  the 
healthy  adult  kidneys  is  306  grammes.  In  cases  of  congenital  absence  or 
rudimentary  development  of  one  kidney,  or  of  congenital  destruction  of  one 
ureter,  the  remaining  kidney  Avill  be  found,  at  the  end  of  the  period  of  growth, 
to  weigh  nearly  306  grammes,  sometimes  a  little  more  or  less.  If  the  loss  of 
the  kidney  occurs  after  the  growth  of  the  body  has  been  completed,  the 
compensatory  hypertrophy  of  the  other  kidney  is  imperfect.  Its  weight  may 
amount  to  170  or  190  grammes,  but  never  attains  the  combined  weight  of  two 
normal  kidneys. 

This  fact  shows  that  young  tissue  is  capable  of  a  much  more  extensive 
hypertrophy  and  hyperplasia  than  adult  tissue.  The  enlargement  of  the 
compensatorily  hypertrophied  kidney  is  due  partly  to  a  true  hypertrophy  and 
partly  to  a  hyperplasia  of  the  glomeruli,  the  tubules  and  their  epithelial 
lining,  as  may  be  seen  from  the  histological  and  experimental  researches  of 
Rosenstein,  Perl,  Gudden,  Beumer,  Grawitz  and  Israel,  Ribbert,  Leichtenstern, 
Bostroem,  Lorenz,  Nothnagel  and  Eckardt.  An  increase  in  the  number  of 
glomeruli,  however,  is  only  observed  in  the  compensatory  hypertrophy  of  the 
kidney  which  results  from  congenital  defect  in  the  other. 

Compensatory  hypertrophy  and  hyperplasia  of  tissue  occur  in  the  same 
manner  in  other  organs  and  systems.  When  there  is  increased  tension  of  the 
arteries,  the  tunica  media  becomes  thickened,  as  I  have  already  mentioned  and 
more  particularly  described  elsewhere.  When  the  ribs  press  upon  the  liver,  as 
a  consequence  of  tight-lacing,  and  thereby  cause  part  of  it  to  atrophy,  there  is 
an  enlargement  of  other  portions  of  the  organ,  due  to  hypei'plasia  of  the  cells. 
In  many  cases  the  deformed  and  enlarged  right  lobe  of  the  liver  reaches  far 
downwards  into  the  neighbourhood  of  the  caecum.  In  absence  or  contraction 
of  one  lung  the  other  greatly  increases  in  size  (Ratjen,  von  Recklinghausen, 
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Schuchardt).  After  extirpation  of  one  SMprarenal  body,  the  other  enlarges 
(Stilling).  In  the  same  way  compensatory  hypertrophy  of  one  testicle,  one 
ovary,  one  mamma  is  occasionally  seen  after  cirrhosis  or  extirpation  of  its 
fellow  on  the  opposite  side.  This  has  been  shown  by  the  observations  of 
Recklinghausen,  Eona  and  others,  and  particularly  by  the  interesting  experi- 
ments of  Ribbert. 

It  is  not  unworthy  of  note  that  compensatory  hypertrophy  and  hyperplasia 
also  occur  in  cases  Avhere  an  increase  of  function  cannot  be  assumed  by 
the  remaining  organ,  as  after  unilateral  extirpation  of  the  testicle  or  ovary 
in  newly-born  animals.  Every  compensatory  hypertrophy,  therefore,  is  not  to  he 
regarded  as  a  functional  hypertrophy.  Ribbert  has  pointed  out  that  the  com- 
pensatory hypertrophy  which  is  independent  of  increased  function,  may 
possibly  depend  on  the  influence  of  the  central  nervous  system.  This  supposition 
is  quite  justifiable,  since,  in  the  consideration  of  malformations,  we  were  able 
to  show  that  the  central  nervous  system  does,  as  a  matter  of  fact,  exercise  a 
determining  influence  on  the  development  of  the  rest  of  the  body.  But  it 
must  be  remembered  that  the  growth  of  the  organ  is  determined  both  by  the 
organ  itself  and  by  its  relation  to  the  body  as  a  whole,  as  is  shoA^ai  by  the  results 
of  the  examination  of  the  histology  and  dynamics  of  the  arterial  system. 
Circumstances  may  be  found  in  the  relations  of  the  whole  body  which  would 
favour  or  give  rise  to  a  compensatory  hypertrophy  apart  from  any  increased 
function. 

Most  interesting  relations  exist  between  the  various  organs  of  the  body 
and  control  their  increase  in  size.  It  is  not  unusual  that  the  loss  or  injury 
of  one  organ  causes  compensatory  hypertrophy  of  its  fellow  in  such  a  way  that 
the  disturbance  of  the  relationship  between  the  organs  generally  leads  to  their 
hypertrophy  and  hyperplasia.  The  enlargement  of  the  heart,  secondary  to 
renal  disease,  is  the  best  known  example,  although  its  significance  is  much 
disputed.  It  appears  that  loss  of  one  kidney,  the  arterial  system  being  healthy, 
■will  also  cause  hypertrophy  of  all  parts  of  the  heart,  as  has  been  demonstrated 
by  Gra^^^tz  and  Israel,  and  by  "Wladimiroff  under  my  supervision.  The 
experimental  observation  of  Rogovntsch  and  Stieda,  that  partial  removal  of  the 
thyroid  gland  causes  an  increased  growth  not  only  in  the  remainder  of  the 
gland,  but  also  in  the  pituitary  body,  may  be  explained  in  the  same  way. 

Hyperplasia  of  tissue  requires  to  be  more  fully  considered.  It  occurs  as 
new  tissue  formation,  or  neoplasia,  Avith  or  without  transformation  of  tissue,  or 
metaplasia.  New  formation  of  tissue,  neoplasia,  begins  by  a  growth  of  new 
cells,  and  these  always  originate  from  pre-existing  cells.  Virchow's  well-known 
phrase,  "  Omnis  cellula  a  cellula,"  still  holds  good.  It  has  been  tested  bj'  forty 
years  of  earnest  research.  Those  forty  years  have  considerably  increased  the 
knowledge  of  cell  formation  through  the  labours  of  J.  Arnold,  Biitschli, 
Auerbach,  Strassburger,  Flemming,  and  Hertwig  more  especially.  Their 
important  bearing  on  pathological  processes  makes  it  desirable  that  their 
general  features  should  be  discussed  here. 

Three  varieties  of  neoplasia  may  be  distinguished — endogenous  cell  formationy 
cell  division,  and  cell  hudding. 

In  endogenous  cell  formation  daughter  cells  are  formed  within  the  mother  cell,, 
and  become  free  through  the  disintegration  of  the  mother  cell.  Such  a  pro- 
ceeding has  already  been  described  (p.  137  and  Plate  IV.,  Fig.  /)  in  the 
development  of  the  plasmodium  malarije.  Endogenous  cell  formation  has  not 
yet  been  definitely  proved  to  take  place  in  the  human  body. 

In  cell  division  a  cell  divides  into  two  or  more  daughter  cells,  all  the  proto- 
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plasm  of  the  mother  cell  being  made  use  of  and  shared  among  the  daughter 
cells.  In  this  case  no  remnant  of  the  protoplasm  of  the  mother  cell  is  left,  as 
happens  in  endogenous  cell  formation. 

In  cell  hudding  the  mother  cell  pushes  out  a  protoplasmic  process  which 
becomes  supplied  with  a  nucleus  and  then  separates  from  the  mother  cell. 
This  process  will  be  described  at  length  under  the  new  formation  of  vessels  by 
budding. 

In  all  three  forms,  a  multiplication  of  the  cell  nucleus  by  division  precedes 
the  complete  separation  of  the  daughter  cells. 

The  nucleus  consists  of  nuclear  membrane,  nucleolus,  stroma,  and  nuclear 
juice.  These  component  parts  were  first  clearly  demonstrated  in  the  nuclei  of 
ganglion  cells,  and  subsequently  in  the  nuclei  of  other  cells,  by  the  researches 
of  numerous  observers  (Harless,  Lieberkiihn,  Stilling,  Wagener,  Hensen, 
Frommann,  J.  Arnold,  Kollmann,  Arnstein,  S.  Mayer,  Kupfter,  Schwalbe, 
Eimer,  Klein,  and  Flemming).  The  nuclear  memhrane  is  to  be  regarded  merely  as 
a  condensation  of  the  superficial  portion  of  the  cell  nucleus,  not  as  a  well-defined 
separable  membrane.  If  it  be  assumed  that  the  cell  protoplasm  is  thickened  in 
the  same  manner  where  it  is  applied  to  the  nucleus,  the  views  of  those 
histologists  who  think  that  the  nucleus  has  a  double  membrane  can  be 
explained.  The  superficial  thickening  may,  however,  be  merely  the  physical 
i^henomenon  so  constantly  seen  on  other  surfaces,  the  result  of  so-called  surface 
tension.  The  chief  part  of  the  nucleus  is  formed  l)y  the  nuclear  stroma  and 
nuclear  juice.  The  stroma  consists  of  numerous  rounded  bodies  very  slightly 
connected  with  each  other,  which  are  stained  easily  and  deeply  by  the  ordinary 
nuclear  stains,  alum  carmine,  hoematoxylin,  basic  aniline  dyes,  methylene  blue, 
and  others  (Fig.  302,  a).  The  nuclear  juice  (J.  Arnold)  is  a  homogeneous 
substance  which  occupies  the  interstices  of  the  stroma  and  is  not  stained  by 
nuclear  stains.  Within  the  nucleus  there  are,  in  addition,  several  fairly  large, 
round,  sharply  defined  bodies  which  take  on  the  nuclear  stain  like  the  nuclear 
stroma.  These  are  the  nucleoli.  We  are  justified,  therefore,  in  maintaining  Avith 
Flemming  that  there  are  at  least  two  different  substances  in  the  nucleus,  one 
which  takes  on  stains,  chromatin,  the  other  which  does  not  stain,  achromatin. 
Chemically,  chromatin  is  distinguished  by  its  large  proportion  of  nuclein,  if  it 
is  not  identical  Avith  it.  This  nuclein  is  composed  of  a  combination  of  albumen 
with  a  molecule  containing  phosphoric  acid  (nucleic  acid).  Microchemically, 
nuclein  is  characterised  by  the  fact  that  it  does  not  SAvell  up  in  dilute  acetic  acid 
like  albumen,  but  shrinks  and  becomes  more  refractile. 

(The  conclusions  as  regards  the  structure  of  cells  and  cell  nuclei,  arrived  at  by  Altniann,  as 
the  result  of  a  special  method  of  staining,  are  essentially  different  from  the  above.  Cell  and 
nucleus,  according  to  him,  are  not  the  "elementary  organism,"  but  consist  of  granules  or 
threads  for  which  the  term  "elementary  organism  "  should  be  reserved.  Apparently  Altmann's 
stains  act  chiefly  on  the  achromatin,  with  which,  accordingly,  his  "elementary  organism"  is  to 
be  identified.) 

Cell  division  occurs  in  two  types,  as  direct  amitotic  nuclear  division  and  as 
indirect  or  mitotic  nuclear  division. 

(1)  Direct  w  amitotic  nuclear  division  appears  to  be  a  relatively  rare 
phenomenon.  It  has  been  most  closely  traced  through  its  stages  in  the  wander- 
ing cells  of  the  frog  by  the  investigations  of  J.  Arnold,  but  may  be  seen 
in  the  cells  of  other  animals  and  in  man.  In  them  the  cell  and  its  nucleus 
undergo  a  transverse  constriction,  during  which  no  change  in  the  cell  protoplasm 
or  cell  nucleus  can  be  demonstrated  (Fig.  301). 
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(2)  Indirect  or  mitotic  division,  Tcaryokinesis  (Blitschli,  Strassburger,  Flemming, 
0.  Hertwig,  J.  Arnold),  is  characterised  by  the  fact  that,  before  division  occurs, 
the  nuclear  constituents  undergo  a  characteristic  change  in  position,  while  the 
chromatin  becomes  increased  and  more  sharply  defined.  The  karyomitotic 
or  karyokinetic  figures  which  occur  during  those  processes  show  so  many  and 
so  marked  features  that  they  can  be  easily  and  certainly  recognised,  even  in 
microscopic  sections  from  hardened  tissue.  It  is  worthy  of  mention  that  the 
whole  process  of  indirect  nuclear  and  cell  division  in  plants  and  animals  has 
been  followed  under  the  microscope,  so  that  no  question  can  exist  as  to  the 
general  significance  of  the  karyomitotic  figures,  although  further  investigation 
is  required  for  many  of  the  details.  For  pathologists  the  karyomitotic  figures 
are  of  the  utmost  importance,  since  they  make  it  possible  to  decide  definitely 
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Fig.  301. — Direct  nuclear  and  cell  division  in  the  wandering  cells  of  the  frog  (after  J.  Arnold),  x900. 


whether  cell  division  is  or  is  not  present  in  microscopic  sections.  Therefore  it 
is  necessary  to  describe  mitotic  nuclear  division  in  its  general  outline.  But  it 
must  here  be  mentioned  that  the  figures  of  mitotic  division  can  only  be 
demonstrated  with  certainty  if  the  specimen  has  been  very  carefully  prepared 
by  hardening  (fixing)  in  chromic  and  acetic  acids ;  chromic,  osmic,  and  acetic 
acids  ;  picric  and  sulphuric  acids  ;  picric  and  nitric  acids ;  platinum  chloride  ; 
alcohol  or  other  hardening  agents,  and  staining  with  h^ematoxylin,  alum 
carmine,  borax  carmine,  saffranin,  and  other  nuclear  dyes.  It  is  also  desirable 
that  the  preparation  should  be  placed  in  the  hardening  fluid  immediately  after 
death  or  its  removal  from  the  living  body. 

In  mitotic  changes  in  the  chromatin  substance  of  the  nucleus,  regularly 
arranged  figures  occur  in  most  cases  in  the  chromatin,  while  the  nucleus  itself 
divides  into  two  or  more  geometrically  similar  portions.     As  J.  Arnold  has 
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described  mitoses  in  which  this  regularity  of  form  is  departed  from,  the  regular 
division  may,  according  to  his  suggestion,  be  termed  segmentation. 

The  most  common  form  of  the  segmentation  of  the  nucleus  is  into  two 
parts.  The  chromatin  of  the  resting  nucleus  (Fig  302,  a)  increases  in  quantity, 
and  after  passing  through  many  intermediate  forms,  is  grouped  in  a  skein  of 
relatively  thick  threads  {mother  skein,  spirem),  this  skein  being  at  first  dense  and 
subsequently  more  open  (Flemming),  (Fig.  302,  b).  At  the  same  time  the  cell 
membrane  and  the  nucleoli  disappear.  Special  modes  of  preparation,  however, 
render  the  outline  of  the  nucleus  more  distinct  (Pfitzner).  The  mother  skein 
now  breaks  into  looped  filaments  which  congregate  at  the  future  plane  of 
division  of  the  nucleus  in  the  form  of  a  star  (aster,  monaster),  constituting  the 
equatorial  plate  of  Flemming  (Fig.  302,  c,  d).  At  the  same  time  a  new 
element,  formed  from  the  achromatin,  appears.  A  fine  meridional  striation, 
known  as  the  nuclear  spindle,  passes  down  from  the  pole  to  the  equatorial  plate 


Fig.  302.— Mitotic  segmentation  of  tlie  nucleus  and  division  of  the  cell.  From  a  cancer  of  the  breast  (after  J. 
Arnold),  a.  Cell  with  resting  nucleus  ;  h,  cell  with  mother  skein  ;  c,  equatorial  plate  (the  amount  of  chrom- 
atin is  small,  the  nuclear  spindle  large) ;  d,  cell  with  equatorial  plate,  in  which  there  is  a  large  amount  of 
chromatin  and  a  small  nuclear  spindle ;  e,  division  of  the  equatorial  plate ;  /,  </,  h,  formation  of  daughter 
stars  and  further  stages  in  the  division  of  nucleus  and  cell ;  i,  two  cells,  formed  by  the  division,  with 
daughter  skeins  ;  1:,  two  cells,  formed  by  the  division,  with  resting  daughter  nuclei. 

of  the  nucleus.  The  loops  of  chromatin  constituting  the  equatorial  plate 
di\ade  again,  this  time  in  a  longitudinal  direction,  as  can  be  more  accurately 
observed  in  the  larger  and  more  easily  prepared  cells  of  animals ;  the  divided 
portions  pass  towards  the  two  poles  of  the  nucleus,  and  there  constitute  the  two 
daughter  stars  (Fig.  302,  /,  g,  h).  The  achromatic  nuclear  spindle  can  be  traced 
in  a  slightly  altered  form,  as  fine  threads  of  achromatin  between  the  daughter 
stars. 

The  daughter  nuclei  are  developed  from  the  daughter  stars,  while  the  stages 
of  mitosis  already  described  are  gone  through  in  reversed  order.  The  daughter 
stars  change  into  daughter  skeins,  at  first  open,  then  more  compact  (Fig.  302,  ^'), 
while  the  achromatic  spindle  becomes  divided  in  the  middle.  From  the 
daughter  skeins  are  developed,  finally,  resting  daughter  nuclei  with  daughter 
nucleoli  (Fig.  302,  k).  The  division  of  the  cell  protoplasm  may  occur  either 
before  or  after  the  division  of  the  nucleus. 
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The  mother  cell  has  therefore  become  two  daughter  cells,  which  may  in  turn 
divide  after  a  period  of  rest. 

Some  other  structural  elements  which  are  of  great  interest  may  be  seen  in 
the  generative  cells  of  the  testicle  and  ovary  (Strassburger,  E.  v.  Beneden, 
Boveri),  and  also  in  many  epithelial  and  lymphoid  cells  (Rabl,  Flemming, 
Hansemann).  Near  the  nucleus  lies  the  very  much  smaller  polar  body  or 
centrosome,  termed  the  attraction  sphere,  to  which  fine  fibres  of  the  protoplasm 
converge.  Before  mitotic  division  begins,  the  polar  body  divides,  and  its  halves 
take  up  their  position  at  those  points  which  afterwards  become  the  poles  of  the 
karyomitotic  figures  (Fig.  303).  Subsequently  the  threads  of  the  achromatic 
spindle  also  converge  to  these  polar  bodies. 

When  the  cell  and  nucleus  divide  into  more  than  two  portions,  the  mitotic 
processes  are  exactly  similar,  as  was  shown  by  J.   Arnold.     Skein  and  star. 
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Fig.  303. — Attraction  spheres,  nuclear  spindle,  and 
dividing  equatorial  plate  (from  a  drawing  by 
Boveri).  The  two  centrosomes  are  not  visible, 
but  would  be  in  the  centre  of  the  converging 
rays  of  the  attraction  spheres.  From  the  o%Tini 
of  a  mollusc  (Pterotrachea). 


Fig.  30i. — a,  b,  Mitotic  segmentation  into  three  segments 
(after  J.  Arnold) ;  c,  mitotic  division  into  six  segments. 
From  a  cancer  of  the  breast  (after  J.  Arnold). 


equatorial  plate  and  achromatic  spindle,  occur  in  forms  which  can  be  most  easily 
understood  by  reference  to  Fig.  304.  These  still  carry  out  the  idea  of 
segmentation  in  so  far  that  the  geometric  regularity  of  the  forms  is  preserved 
and  the  divisions  show  geometric  similarity.  This  similarity  is  not  completely 
absent  even  in  those  asymmetric  forms  Avhich  are  occasionally  developed 
(Hansemann).  These  may  be  of  great  importance  under  certain  circumstances, 
if  two  intrinsically  different  daughter  cells  are  produced.  This  is  a  point 
which  will  afterwards  be  referred  to  in  discussing  the  formation  of  tumours. 

(3)  In  fragmentation  of  the  nucleus  (J.  Arnold)  the  simple  geometric  formation 
of  the  mitotic  figures  is  altogether  absent.  The  whole  "  habitus  "  is  different 
(Fig.  305),  but  direct  and  indirect  fragmentation  can  still  be  difterentiated.  In 
direct  fragmentation  the  nucleus  splits  into  numerous  subdivisions  without  any 
preliminary  increase  or  rearrangement  of  its  chromatin  (Fig.  305,  a,  b,  c).  In 
indirect  fragmentation  there  is,  on  the  other  hand,  an  increase  of  the  chromatin. 
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which  assumes  an  irregular  formation.  It  may  be  like  a  horse-shoe,  or  ragged, 
or  in  the  shape  of  a  ring,  a  network  or  basket  (Fig  305,  d-g).  Between  the 
lobes  and  processes  of  the  chromatic  figure  are  seen  fine  striated  achromatic 
connecting  lines.  During  this  process,  in  consequence  of  the  irregular  division  of 
the  chromatin  figures  and  the  transformation  of  the  several  parts  into  resting  cell 
nuclei,  large  cells  with  many  nuclei,  gtmd  cells,  are  occasionally  formed.  An 
endogenous  cell  formation  appears,  in  other  cases,  to  be  combined  with  this 
peculiar  nuclear  division.  It  is  as  yet  imj^ossible,  unfortunately,  to  follow  this 
nuclear  fragmentation  directly  in  living  tissue  under  the  microscope ;  but  it 
may  be  stated  in  favour  of  the  above  explanation  of  nuclear  fragmentation 
that  it  mainly  occurs  in  the  cells  of  actively  growing  tissue,  in  hyperplastic 
bone  medulla,  in  proliferating  lymph-glands  and  spleen  tissue,  and  in  rapidly 
growing  tumours. 

(4)  There  is,  lastly,  a  particular  form  of  cell  division  to  be  described  which 


Fig.  305. — Fragmentation  of  the  cell  nucleus  in  the  bone-marrow  of  a  rabbit,    a,  6,  c,  Direct  fragmentation  ; 

d,  e,  /,  g,  indirect  fragmentation,    x  900. 


greatly  differs  from  the  foregoing  varieties,  in  that  one  portion  of  the  divided 
cell  is  completely  devoid  of  any  part  of  the  nucleus.  This  discovery  was  first 
made  by  Lavdowsky.  I  am  in  a  position  to  confirm  this,  on  the  strength  of 
experiments  made  prior  to  Lavdowsky's  communications.  I  placed  under  the 
microscope  some  white  blood  corpuscles  from  a  frog,  in  aqueous  humour  taken 
from  the  same  animal,  warmed  them  to  20-32°  C,  and  stimulated  repeatedly 
with  the  induced  electric  current.  By  this  means  I  observed,  in  different 
experiments,  the  process  of  division  represented  in  Fig.  306.  This  shows 
separation  of  a  portion  of  the  cell  protoplasm  fi'om  cells  which  went  through 
active  amceboid  movements  on  the  cover-glass.  LavdoAvsky  calls  this  ^^  cell 
division  by  force "  (gewaltsame  Zelltheilung),  and  suggests  that  two  portions  of 
the  cell  move  in  diff"erent  directions  by  means  of  their  amoeboid  power  and 
thus  tear  the  protoplasm  apart.  This  is  a  very  plausible  description  of  the 
process  ;  but  it  seemed  to  me  that  the  process  was  rather  a  disintegration  of  the 
cell. 
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After  this  brief  general  statement  of  the  theory  of  cell  formation,  the 
question  of  new  formation  of  tissue  is,  in  its  general  outline,  easily  solved.  It 
invariably  begins  by  formation  of  new  cells.  The  newly-formed  cells  supply 
the  cement  or  intercellular  substance  which,  together  with  the  cells,  constitutes 
the  tissue.  The  particulars  of  these  processes,  however-,  demand  a  special 
description,  which  will  be  given  later ;  but  before  so  doing,  mention  must  be 
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Fig.  306. — A  white  blood  corpuscle  from  the  frog,  In  aqueous  humour  on  a  warm  cover-glass.  Changes  observed 
during  repeated  stimulation  by  electricity.  The  numbers  at  the  side  show  the  time  of  day.  Division  of  a 
portion  of  the  protoplasm,    x  900. 


made  of  a  process,  metaplasia,  which  is  intimately  connected  ^nth  new  formation 
of  tissue. 

Metaplasia  is  the  term  applied  to  the  transformation  of  the  cells  and  inter- 
cellular substance  of  a  tissue,  by  means  of  Avhich  it  takes  on  the  characteristics 
of  some  other  tissue.  When  cartilage  cells  assume  the  appearance  of  bone 
cells,  while,  at  the  same  time,  the  intercellular  substance  of  the  cartilage 
acquires  the  structui^e  of  bone  through  the  deposition  of  lime-salts,  there  is  a 
metaplasia  of  cartilaginous  into  osseous  tissue. 

Metaplasia  does  not  involve  any  increase  in  the  pre-existing  constituents 
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of  the  tissue.  At  the  same  time,  metaplasia  has  an  important  bearing  on 
progressive  tissue  changes,  since,  in  many  cases,  new  tissue  is  formed  in  such  a 
way  that  a  temporary  neoplastic  formation  first  occurs,  Avhich  reaches  its  final 
phase  by  means  of  metaplasia. 

Experience  shows  that  the  connective  tissue  group,  connective  tissue,  adipose 
and  myxomatous  (mucoid)  tissue,  cartilage  and  bone,  can  be  transformed  into 
one  another  by  means  of  metaplasia.  A  similar  metaplasia  is  seen  between  the 
different  forms  of  epithelial  tissue.  On  the  other  hand,  after  the  termination 
of  embryonic  growth,  the  difference  between  epithelial  and  non-epithelial  tissue 
is  so  firmly  fixed  that,  as  a  rule,  no  metaplasia  takes  place  between  them. 
Isolated  cases  Avhich  may  possibly  form  an  exception  to  this  rule  will  be  after- 
wards considered  in  describing  tumours.  These  are  tumours  in  organs  which 
are  developed  at  a  comparatively  late  period  of  embryonic  existence,  some  of 
which  present,  in  addition,  certain  developmental  peculiarities.  In  other  more 
highly  formed  tissues,  such  as  muscle,  nerve,  neuroglia,  there  is  no  metaplasia. 
The  details  of  the  various  metaplastic  processes  will  be  considered  under  the 
description  of  the  individual  tissues. 

Tlie,  general  conditions  necessary  for  the  occurrence  of  neoplastic  and  metaplastic 
development  of  tissue  are  easily  observed.  It  has  already  been  pointed  out  that  a 
considerable  proportion  of  the  growth  of  organs  when  their  function  is  increased, 
as  well  as  many  compensatory  hypertrophies,  is  due  to  hyperplastic  growth  of  the 
tissue.  This  occurs  by  a  neoplasia,  which  may  or  may  not  be  accompanied  by 
metaplasia.  Changes  of  function,  on  the  other  hand,  lead  to  a  metaplasia,  in 
which  neoplasia  takes  a  very  subordinate  part.  After  long-standing  fixation  of 
a  joint  by  firm  adhesions,  cicatrisation  of  the  soft  parts,  or  some  other  process, 
the  cartilage  of  the  joint  is  gradually  transformed  into  mucoid  or  connective 
tissue,  causing  union  of  the  opposed  surface  of  the  joint  {obliteration  of  the  joint). 
In  this  case,  however,  the  mucoid  and  the  connective  tissue,  which  arise  princi- 
pally by  a  process  of  metaplasia,  in  the  first  instance,  become  furnished  ^Y\th. 
blood-vessels,  developed  from  the  surrounding  parts  by  neoplasia.  These  vessels 
aid  in  forming  the  foreign  tissue  betAveen  the  surfaces  of  the  joint  by  producing 
mucoid  and  connective  tissue  from  their  adventitia.  These  processes  are,  as  a 
rule,  regarded  as  the  result  of  the  inactivity  of  the  joint ;  more  correctly  stated, 
they  are  due  to  a  change  in  function  of  the  tissue  lying  between  the  joint 
surfaces.     True  inactivity  would  lead  to  atrophy. 

Cartilage,  occurring  normally  within  a  joint,  owes  its  existence,  as  does  the 
joint  cavity  itself,  to  the  movements  which  take  place  in  the  neighbourhood  of 
the  joint.  Immobility  of  the  joint  does  away  with  the  conditions  which 
necessitated  joint  and  cartilage,  and  a  new  tissue  develops  whose  function  is  to 
bind  the  joint  surfaces  closely  together.  The  same  results  are  observed  in 
limitation  of  the  movements  of  a  joint.  Isolated  portions  of  the  articular 
surfaces  of  the  joint,  being  no  longer  submitted  to  the  pressure  of  a  super- 
imposed articular  surface  during  movement,  are  transformed  into  vascular  con- 
nective tissue  which  acts  as  periosteum  to  the  bone  beneath.  At  the  same 
time,  the  articular  movement,  although  limited,  prevents  the  occurrence  of 
obliteration  of  the  joint,  or  of  adhesion  of  the  opposed  articular  surface. 

In  many  instances  hyperplasia  presents  the  character  of  a  regenerative  growth 
replacing  portions  of  tissue  which  have  been  lost.  The  regeneration  which 
occurs  after  external  injury  is  the  best  known.  Traumatic  loss  of  skin  is 
replaced  by  cicatricial  tissue,  covered  by  epithelium.  After  a  time  the  cicatrix 
takes  on  more  or  less  completely  the  characteristics  of  normal  skin.  When 
pathological  processes  destroy  the  structure  of  an  organ,  a  similar  change  takes 
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place.  In  cicatricial  contraction  (cirrhosis)  of  the  liver  and  the  kidney,  and  in 
fatty  degeneration  of  these  organs,  a  large  number  of  secreting  cells  are 
destroj^ed.  After  the  exciting  cause  has  been  removed,  and  sometimes  even 
during  the  progress  of  the  lesion,  regeneration  of  the  liver  or  kidney  cells  from 
the  surviving  cells  takes  jDlace  to  a  greater  or  less  extent. 

This  regeneration  takes  place  within  the  area  of  destruction,  and  may  extend 
beyond  it.  In  many  cases  the  explanation  of  this  is  that  the  remainder  of  the 
organ  assumes  the  function  of  the  entire  organ ;  and  it  is  this  increase  of 
function  which  leads  to  functional  hyperplasia  and  hypertrophy.  This  ex- 
planation, however,  is  often  far  from  satisfactory.  It  does  not  explain,  for 
instance,  why,  in  many  cases,  the  regeneration  becomes  excessive  and  goes  on 
to  the  formation  of  glandular  tumours,  such  as  adenomata  of  the  liver  and 
kidneys.  Besides  this,  it  is  proved  by  experience  that  among  the  lower  animals, 
at  least,  large  parts  of  the  bod}^,  such  as  the  extremities,  the  tail,  etc.,  are 
replaced  under  circumstances  which  preclude  any  increase  of  function  in  the 
.        margins  of  the  part  which  remains. 

//  Eegeneration  of  portions  of  tissue  which  have  been  destroyed  or  removed 

is  a  peculiar  process  due  to  special  properties  of  animal  and  human  tissue  which 
cannot  at  present  be  explained.  As  contrasted  with  the  lower  animals,  the 
power  of  regeneration  in  the  human  being  is  limited,  and  the  limitation  is  more 
marked  in  many  of  the  more  highly  specialised  tissues.  In  man  entire  organs 
or  extremities  which  have  been  lost  cannot  be  replaced.  The  loss  of  a  single 
finger  or  toe  is  final.  After  destruction  of  small  areas  of  supporting  tissue, 
such  as  skin,  fascise,  tendon,  or  bone,  however,  regeneration  is  very  complete. 
The  remarkable  experiments  of  Ponfick  have  shown  that,  in  the  liver,  a  very 
extensive,  indeed,  almost  complete  replacement  occurred  after  half  or  even  three- 
quarters  of  the  organ  had  been  removed  by  operation.  The  regenerative 
processes  in  the  circulatory  system  are  equally  complete,  as  has  been  stated 
under  disturbances  of  circulation.  Peripheral  nerves  are  also,  as  a  rule, 
completely  regenerated  after  section,  Avhile  the  nervous  elements  of  the  central 
nervous  system  manifest  no  appearance  of  regeneration  whatever. 

It  will  be  seen  from  this  that  there  are  great  differences  in  the  behaviour 
of  the  several  tissues,  as  might  be  shown  by  further  examples.  The  general 
rule,  however,  is  that  a  tissue  is  regenerated  only  from  tissues  of  the  same  kind. 
Epithelium  can  be  reproduced  only  from  epithelial  tissue,  connective  tissue  only 
from  connective  tissue  and  the  connective  tissue  constituents  of  the  vessels, 
muscular  tissue  from  muscular  tissue,  nerve  tissue  from  nerve  tissue.  The  con- 
nective tissue  cicatrix  is  not  capable  of  originating  epithelium,  muscles,  nerves, 
and  glands,  as  was  formerly  generally  believed.  In  order  that  complete  regenera- 
tion may  occur,  it  is  necessary  that  some  portions  of  the  organ  to  be  regenerated 
should  remain,  and,  especially,  such  cells  as  perform  the  specific  function  of  the 
organ.  Failing  this,  the  defect  is  either  filled  up  by  new-formed  connective 
tissue  in  the  form  of  a  scar,  or  remains  permanent,  as  is  observed  in  destruction 
of  a  portion  of  the  central  nervous  system.  In  this  connection  the  consequences 
of  embolic  occlusion  of  the  smaller  cerebral  arteries  may  be  instanced,  where 
white  softening  of  the  brain  is  caused,  and,  finally,  a  cavity,  filled  with  turbid 
fluid,  is  left  behind  (see  p.  309). 

.    h  Other  conditions  which  influence  the  process  of  regeneration  may  be  learned 

from  the  experiments  of  transplantation  of  detached  parts  of  the  body.  These 
experiments  have  been  carried  out  by  surgeons  and  by  pathologists  since  the 
earliest  j^eriods  in  ancient  medicine,  but  only  the  more  modern  ones  are  of 
great  interest  here. 
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When  a  portion  of  tissue  is  divdded  from  its  surroundings,  and  it  is  desired 
that  it  should  unite  •with  another  part,  it  is  necessary,  as  a  rule,  that  the  apposed 
surfaces  of  the  transplanted  portion  and  the  new  site  should  not  be  covered 
with  epithelium.  An  etfort  is  therefore  made  to  unite  wound  siu-face  with 
wound  surface,  or  a  wound  surface  with  young  cicatricial  or  granulation  tissue 
as  yet  uncovered  by  epithelium,  or  lastly,  with  the  surface  of  a  serous  mem- 
brane.^ With  these  precautions  there  is  some  prospect  of  union  of  the 
transplanted  pieces,  although  it  must  be  said  that  this  prospect  is  more  or  less 
uncertain,  according  to  the  peculiar  circumstances  of  each  case.  The  transferred 
portion  may  either  be  inserted  into  the  new  site,  so  that  it  is  surrounded  on 
all  sides,  implantation,  or  it  may  be  placed  merely  on  the  surface  of  the  new 
site,  transplantation,  in  its  more  limited  sense.  In  the  latter  case,  it  is  very 
desirable  that  the  free  external  surface  of  the  transplanted  joortion  should  be 
covered  by  epithelium. 

If  these  preliminaries  are  attended  to,  the  conditions  which  favour  or 
hinder  the  growth  of  the  transplanted  tissue  are  to  be  sought  partly  in  the 
condition  of  the  transplanted  portion,  partly  in  the  condition  of  the  tissue  on 
which  it  is  gi'afted. 

Union  is  made  very  much  easier,  or  with  aseptic  methods,  almost  certain,  if 
the  transplanted  portion  is  not  fully  separated  from  its  original  site,  but  is  left  in 
connection  with  it  by  a  bridge  furnished  with  large  vessels  and  nerves.  If  we 
depart  from  this  method  of  operation,  which  is  usually  employed  for  the  forma- 
tion of  an  artificial  nose,  and  completely  separate  the  transplanted  portion  from 
its  original  site,  experience  shows  that  union  with  the  new  site  succeeds  in 
proportion  to — 

(1)  The  youth  of  the  transplanted  tissue  (Duhamel,  Hunter,  P.  Bert,  Zahn). 

(2)  The  extent  of  the  apposed  surfaces  of  the  transplanted  tissue  and  the 
new  site  in  relation  to  the  size  of  the  transplanted  portion. 

(3)  The  small  size  of  the  transplanted  tissue. 

In  Eeverdin's  method  of  skin-grafting,  the  pieces  of  skin  transplanted  are 
very  small.  The  object  of  this  method  is  to  cover  large  granulating  wound 
surfaces  Avith  stratified  epithelium.  With  this  aim  small  flat  portions  of 
healthy  living  skin,  consisting  of  epidermis,  rete  Malpighi,  and  papillary  layer 
of  the  corium,  are  removed  with  either  scissors  or  knife.  They  are  laid  on 
the  granulating  wound,  where  they  readily  take  root  and  then  form  centres 
for  the  further  growth  of  an  epithelial  covering.  Almost  the  same  result — 
that  is,  the  generating  of  gTOAving  islets  of  epithelium  on  large  granulating 
surfaces — is  attained  when  very  small  pieces,  even  single  cells  only,  are  trans- 
ferred. Under  some  circumstances  it  is  sufficient  to  place  plucked-out  hairs, 
together  with  their  root-sheaths,  on  the  wound  (Schweninger).  Another  method 
is  to  produce  a  vesicle  on  previously  healthy  skin  by  means  of  a  blistering 
fluid.  These  vesicles  produce  collections  of  fluid  exudation  in  the  lower  layers 
of  the  skin,  and  always  contain  a  considerable  number  of  large  cells  from  the 
rete  Malpighi,  isolated  and  freed  from  their  connections.  If  the  fluid  of  the 
blister,  with  the  cells  it  contains,  is  brought  in  contact  "svith  a  granulating  wound 
surface,  the  little  epithelial  cells  take  root  and  become  the  starting-points  for 

^  It  is  customarj'  at  present  to  describe  the  layer  of  cells  which  covers  a  serous  membrane  and 
the  inner  lining  of  the  vessels  as  epithelial.  This  custom,  which  is  perfectly  justified  from  the 
morphological  point  of  view,  will  not  be  adhered  to  here,  since  in  many  pathological  processes  endo- 
thelium behaves  quite  differently  ft'om  epithelium  in  the  more  limited  sense.  This  also  applies  in 
the  present  instance.  The  endothelium  of  a  serous  membrane  does  not  act  like  a  jTOtecting 
epithelium  as  far  as  regards  transplantation. 
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epithelial  growth  (Macleod,  Woodman).     In  practice  Eeverdin's  skin-grafting 
appears  to  yield  more  favourable  and  certain  resiilts. 

The  fact,  ascertained  from  all  these  experiments,  that  young  tissue  unites 
most  easily  after  transplantation,  is  of  particular  interest.  It  is  explained  most 
simply  by  assuming  that  young  cells  possess  a  greater  iiower  of  proliferating. 

With  reference  to  the  new  site,  Duhamel  and  Hunter  have  noted  that  its 
blood-supply  is  of  immense  importance.  The  more  vascular  the  new  site,  the  mm'e 
easily  icill  the  union  of  the  transplanted  parts  he  completed.  Hunter  succeeded  in 
transplanting  the  cock's  spur,  which  is  most  difficult  to  unite,  and  even  teeth 
on  to  the  highly  vascular  cock's  comb.  The  vascularity  of  the  site  of  implantation  is 
next  in  importance  to  the  youth  of  the  transplanted  tissue. 

The  subsequent  fate  of  the  transplanted  part  deserves  further  notice.  It 
appears  that  young  transplanted  tissues  are  capable  of  continued  growth  (Zahn), 
e.g.  transplanted  periosteum  can  go  on  to  form  bone  (Oilier,  Heine).  This 
growth,  however,  is  strictly  limited.  After  a  time  transplanted  pieces  of  tissue 
which  have  become  thoroughly  united,  undergo  atrophy  as  the  result  of  loss  of 
function.  The  artificial  nose,  obtained  from  a  successful  plastic  operation, 
becomes  shrunken  and  small,  the  bones  which  have  developed  from  the  trans- 
ferred periosteum  disappear. 

A  knowledge  of  the  causes  of  new  tissue  formation  cannot,  therefore,  be 
gained  from  transplantation  experiments,  but  certain  conditions  which  are  neces- 
sary for  progressive  tissue  metamorphosis  can  be  learned  from  them.  These 
are,  firstly,  a  certain  piower  of  ptroliferation  of  the  tissue  (shown  by  experience  to 
be  greater  in  early  life,  but  not  completely  absent  in  later  years),  and  secondly, 
ft  pilentiful  hlood-supply.  It  seems  also  that  the  period  during  which  newly- 
formed  tissue  can  continue  to  exist  is  dependent,  to  a  certain  extent,  upon  its 
functional  activity.  As  long  as  the  tissue  at  the  site  of  operation  continues 
hypersemic,  the  consequences  of  loss  of  function  are  little  marked.  They 
are  seen  distinctly,  however,  in  the  contraction  and  atrophy  of  the  trans- 
planted part  which  occur  in  proportion  as  the  hypersemia  at  the  site  of  opera- 
tion gradually  passes  off. 

The  dep)endence  of  ptrogressive  metamorphosis  of  tissue  upon  the  hypercemic  con- 
dition of  the  vessels  is  seen  most  strikingly  in  elephantiasis  nostras.  The  term 
elephantiasis  is  due  to  the  resemblance  between  a  huge  shapeless  leg  and  that 
of  an  elephant,  Avhere  the  massive  soft  parts  entirely  conceal  the  outlines  of  the 
underlying  structures.  The  term  is  also  used,  however,  for  a  similar  increase  in 
bulk  in  other  parts  of  the  body.  Elephantiasis  nostras  occurs  as  an  excessive 
hyperplasia  and  hypertrophy  of  the  skin,  the  subcutaneous  and  intermuscular 
tissue,  produced  by  long-continued  general  venous  congestion.  In  such  cases 
there  is  a  specially  marked  increase  in  bulk  in  the  lower  extremities,  the  scrotum, 
and  the  labia  pudendi.  Those  are  the  regions  of  the  body  which  suffer  soonest 
and  to  the  greatest  extent,  as  a  rule,  in  general  venous  congestion,  for  the 
reason  that,  before  the  venous  blood  of  this  portion  of  the  body  can  reach  the 
heart,  it  must  pass  through  the  inferior  vena  cava,  which  is  subjected  to  high 
pressure  within  the  abdominal  cavity. 

Experience  shows  us,  however,  that  there  are  a  large  number  of  hyper- 
plasias where  there  is  either  little  or  no  hyperemia.  In  many  cases,  too,  the 
hyper?emia  connected  with  the  hyperplasia  may  be  a  secondary  phenomenon. 
When  we  analyse  the  processes  in  the  development  of  the  vascular  system  of 
the  chick,  we  are  led  to  the  conclusion  that  the  tissues  have  the  power  of  regulat- 
ing the  amount  of  blood  supplied  to  them.  It  is  but  a  short  step  from  this  to 
assume  that  growing  tissues  increase  the  amount  of  blood  flowing  in  their 
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capillaries.     The  cause,  therefore,  for  the  growth  of  tissue   must   be   sought 
elsewhere. 

In  the  description  of  injuries,  intoxications,  and  infections,  it  has  already- 
been  suggested  that  traumatic,  toxic,  and  infective  influences  may  possibly  have  the 
power  of  directly  exciting  the  cells  and  tissues  to  hyperplasia  and  hypertrophy.  This 
has  been  termed  formative  and  nutritive  stimulus  by  Virchow,  who  regarded  it 
as  a  result  of  the  formative  and  nutritive  excitability  of  the  cells.  There  is  no 
doubt  that  many  of  the  observations  brought  forward  as  proof  of  this  excita- 
bility of  the  cells  do  not  prove  anything.  They  refer  to  the  destruction  of 
distinct  portions  of  tissue  by  injury,  caustics  or  microbes,  so  that  the  resulting 
new  tissue  formation  may,  as  Weigert  demonstrated,  be  included  under  re- 
generation, since  we  are  justified  in  regarding  it,  not  as  the  consequence  of  the 
stimulus  given  by  injury,  poison  or  infection,  but  as  the  consequence  of  the 
resulting  loss  of  tissue.  The  beginning  of  a  scientific  demonstration  of  this 
formative  excitability  of  the  cells  is  to  be  found  in  the  work  of  Wegner  on  the 
influence  of  phosphorus  on  the  growth  of  bone,  in  the  researches  of  Baumgarten 
on  the  histogenesis  of  miliary  tubercle,  and  in  Zeigler's  and  Obolonsky's  work 
on  the  action  of  arsenic  and  phosphorus  on  the  liver  and  the  kidneys.  These 
researches  have  shown  it  to  be  possible  that  chemical  and  infectious  influences 
may  directly  stimulate  the  cells  to  proliferate. 

Very  many  new  tissue  formations  are,  nevertheless,  independent  of  such 
external  causes.  Internal  causes  for  tissue  proliferation  have  also  been  looked 
for.  The  most  important  of  these  is,  firstly,  the  excessive  nutrition  produced 
l)y  hyperajmia,  which  has  already  been  mentioned,  and  secondly,  increased 
activity  leading  to  functional  hypertrophy.  In  other  cases,  what  happens 
during  regeneration  after  destruction  of  tissue  shows  that  the  different  tissues 
mutually  limit  each  other's  growth.  Each  tissue  constitutes  a  hindrance  to 
growth  in  its  neighbourhood  l)y  limiting  the  power  of  proliferation  in  the  other 
tissues  near  it.  From  this  view  it  follows  that  disease  of  a  tissue,  even  when 
it  does  not  lead  to  local  death  or  degeneration,  modifies  in  many  cases  this 
limitation  of  growth  in  the  neighbourhood.  The  removal  of  the  hindrance  to 
growth  is  therefore  a  cause  of  new  tissue  formation.  It  is  a  somewhat  modified 
expression  for  the  "boundary  struggle"  of  the  tissue,  Avhich  is  described  by 
Thiersch  and  Boll,  according  to  whom  each  tissue  continues  to  grow  up  to  the 
point  at  which  its  increase  of  growth  is  hindered  by  the  limiting  action  of  the 
neighbouring  tissues. 

This  doctrine  is  certainly  fallacious,  since  it  overlooks  the  fact  that  the 
causes  which  govern  the  development  and  comjDletion  of  the  growth  of  a  tissue 
or  organ  are  rather  to  be  found  in  the  tissue  or  organ  itself,  or  in  its  relations 
to  the  entire  organism,  and  not  in  neighbouring  tissues  or  organs.  This  fact, 
however,  does  not  prevent  us  from  acknowledging  that  neighbouring  tissues 
and  organs  exert  certain  local  influences  on  each  other.  If  the  ribs  press  upon 
the  liver,  the  shape  of  the  liver  is  altered  to  correspond  to  its  new  relations,  so 
that  atrophy  occurs  in  the  area  of  pressure  and  compensatory  hypertrophy  in 
other  places. 

It  is  exactly  in  such  processes,  at  the  same  time,  that  the  great  independ- 
ence of  the  liver  tissue  is  shown.  In  spite  of  the  encroachment  of  the  ribs, 
the  same  amount  of  liver  substance  is  formed  which  is  prescribed  by  the  special 
laws  under  which  this  organ  stands,  and  this  tissue  is  perfectly  normal  in 
structure  and  function,  although  it  is  developed  in  an  abnormal  situation  because 
of  the  alteration  in  the  relations  of  the  parts. 

The    ultimate   causes   which  determine   the  growth  and    decrease  of  the 
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tissues  and  organs  ax'e,  at  present,  beyond  the  reach  of  scientific  investigation. 
We  are  able,  however,  to  examine  experimentally  the  mechanical  conditions 
Avhich  govern  the  formation,  the  growth,  and  the  disappearance  of  organs.  The 
conclusions  thus  reached  make  it  appear  that  the  growth  of  tissue,  whether 
positive  or  negative,  progressive  or  retrogressive,  is  dependent  upon  mechanical 
processes  in  the  human  body.  Thus  Ave  arrive  at  the  doctrine  of  the  histo- 
mechanism  of  the  body.  Long  years  of  research  have  enabled  me  to  formulate 
four  laws  or  principles  which  explain  the  development  of  the  vascular  system 
in  its  most  important  points  (see  p.  264).  These  laws  are  not  the  expression 
of  my  personal  opinion,  but  are  conclusions  founded  upon  purely  inductive 
grounds,  and  which  may  therefore  be  tested,  extended,  and  made  more  com- 
plete by  further  observations.  Above  all  things,  however,  they  are  purely 
empirical,  and  at  present  lay  not  the  slightest  claim  to  finding  the  final  cause  of 
life.  In  my  opinion,  however,  it  is  already  a  step  in  advance  when,  for 
example,  the  law  can  be  demonstrated  that  an  increase  in  the  I'ate  of  flow  of 
blood  in  a  section  of  a  vessel  has,  as  a  consequence,  a  greater  increase  in  the 
surface  of  the  vessel  wall.  The  reason  why  the  acceleration  of  the  blood- 
stream should  excite  the  growth  of  the  vessel  wall  is  not  yet  understood,  how- 
ever. This  and  the  other  histo-mechanical  laws  are  at  present  in  the  same 
category  as  the  laws  of  gravity.  We  know  that  the  sun  and  earth  attract  each 
other,  but  the  reason  for  such  attraction  is  unknown  to  us. 

Notwithstanding  this,  there  can  be  no  doubt  that  the  progress  of  knowledge 
in  biology,  with  which  I  include  pathology,  may  be  aided  in  a  reliable  manner 
by  such  empirical  histo-mechanical  laws.  The  general  law,  obtained  from 
histo-mechanical  research  on  the  subject  of  pathological  progressive  metamor- 
phosis of  tissue,  is  that  disturbance  of  the  mechanical  processes  in  tissues  is  the  cause 
both  of  growth  and  of  atrophy  of  tissue.  The  doctrine  of  functional  hypertrophy, 
and  atrophy  from  loss  of  function  comes  under  this  law.  It  extends  beyond 
these  special  cases,  however,  since  it  brings  tissue  growth  and  atroj^hy  chiefly 
into  dependence  upon  mechanical  processes,  and  thus  paves  the  way  for  the 
knowledge  of  the  development  and  structure  of  organs. 

This  and  other  histo-mechanical  laws  will  be  much  more  fully  discussed 
under  the  special  consideration  of  disease  of  the  blood-vessels.  Here  it  will 
only  be  pointed  out  that  the  causes  of  new  formation  of  tissue  are  to  be  sought 
chiefly  in  the  tissues  themselves,  and  ap>pear  to  be  discoverable  by  scientific  investigation 
to  a  much  greater  extent  than  is  often  believed. 

This  is  also  of  great  importance,  since  the  chemical  processes  in  the  tissues 
are  distinctly  related  to  the  growth  and  atrophy  of  tissue.  It  will  be  the  work 
of  histo-chemistry  to  discover  and  embody  these  relations  in  the  form  of  em- 
pirical laws,  in  the  same  way  as  has  been  done  for  the  histo-mechanical 
principles.  Then  we  shall  stand,  as  I  have  pointed  out  in  other  places,  on 
that  boundary  line  of  investigation,  beyond  which,  in  the  meantime,  we  are  not 
justified  in  drawing  any  conclusions. 

A  general  consideration  of  the  causes  of  progressive  tissue  metamorphosis 
would  be  altogether  incomplete  if  the  fact  were  overlooked  that  excessive 
tissue  formation  frequently  originates  in  disturbances  which  presumably  were 
already  present  in  the  germinal  area.  To  this  class  belong  a  number  of  con- 
genital piathological  conditions  which  have  already  been  mentioned  under 
malformations,  congenital  overgrowth,  unilateral  overgrowth,  overgrowth  of 
single  extremities,  macromelus,  macrodactylus.  In  other  cases,  abnormalities 
already  present  in  the  germinal  area  are  apparently  not  observed  till  after 
birth,  giantism  and  acromegaly  for  instance,  or  they  lead   to  certain  patho- 
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logical  new  growths  which  bear  the  character  of  tumours,  as  will  be  explained 
later. 
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II.  Pathological  Neoplasia  and  Metaplasia  of  the  Various  Tissues 

(a)  New  Formation  and  Transformation  of  Epithelium 

According  to  the  views  which  Virchow  arrived  at  by  special  study  of 
epithelial  tumours,  the  cells  of  connective  tissue  seemed  to  be  able  to  take  part 
in  the  pathological  new  growth  of  epithelial  cells.  This  doctrine  has  proved  as 
untenable  as  that  of  Biesiadecki's,  arrived  at  by  means  of  experiments  on  living 
animals,  according  to  which  regeneration  of  stratified  squamous  epithelium 
proceeds  from  Avandering  cells  derived  from  the  connective  tissue.  There  is,  how- 
ever, no  doubt  that  the  teaching  of  Virchow,  as  set  forth  in  his  Cellular 
Pathology,  was  the  starting-point  of  the  whole  series  of  researches  to  Avhich  we 
owe  the  present  state  of  our  knowledge  on  the  subject. 

J.  Arnold  was  the  first  to  closely  investigate  the  phenomena  of  regeneration 
which  followed  the  destruction  of  protecting  epithelium.  He  discovered  that 
the  formation  of  new  epithelium,  after  localised  destruction  of  the  skin  or 
mucous  membx'ane  of  the  dog,  not  only  extends  inwards  from  the  margins  of 
the  part  deprived  of  its  epithelium,  but  may  also  occur  in  little  islets  in  the 
middle  of  the  granulation  tissue,  which  must  be  regarded  as  one  of  the  con- 
nective tissues.  In  practice,  the  surgeon  also  frequently  observes  the  occurrence 
of  isolated  epithelial  islands  during  the  skinning-over  of  extensive  wound 
surfaces.  These  proceed  either  from  some  epithelium,  such  as  hair  follicles  and 
glands,  which  has  been  left  on  the  surface  of  the  wound,  or  from  the  accidental 
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transplantation  of  living  epithelial  cells  from  the  neighbourhood.  If  the  mucous 
membrane  of  the  gum  of  a  clog  be  injured,  epithelial  cells  may,  for  example,  be 
transferred  from  the  opposed  surface  of  the  tongue  to  the  wound,  especially  if, 
at  the  same  time,  the  tongue  has  been  slightly  injured. 

The  investigations  of  Heller,  "Wadsworth  and  Eberth,  F.  A.  Hoffmann, 
Thiersch,  Klebs,  and  Waldeyer  have  accordingly  shown  that  epithelium  is 
always  regenerated  from  pre-existing  epithelium,  and  our  present  experience 
permits  us  to  state  further  that  pathological  ejjithelial  new  growths  always  originate 
in  pre-existing  epithelium. 

Mayzel  was  the  first  to  observe  that  the  new  epithelium  in  the  cornea  of  frogs, 
rabbits,  and  cats  is  formed  by  indirect  nuclear  and  cell  division.  The  investiga- 
tions of  Eberth,  Flemming,  Peremeschko,  Pfitzner,  Golgi,  Tizzoni,  Bizzozero  and 
Canalis,  Canalis  and  Vassale,  Podwyssotzki,  and  Barbacci,  as  well  as  numerous 
researches  carried  out  under  the  direction  of  Ziegler,  have  most  completely 
confirmed  this  observation. 

The  finer  processes  {i.e.  the  nature  of  the  changes  in  the  cells)  in  patho- 
logical epithelial  new  growths,  therefore,  agree  in  all  respects  with  the  analogous 
physiological  processes.  There  is  also  a  more  general  agreement.  If  the 
pathological  new  growth  of  adenomatous  and  carcinomatous  tissue  be  examined, 
it  will  be  seen  that  there  is  a  formation  of  solid  and  hollow  epithelial  cylinders 
which  push  themselves  into  the  surrounding  non-epithelial  tissue  in  the  same 
manner  as  in  the  physiological  formation  of  glands  in  the  embryo.  In  these 
growing  epithelial  processes  numerous  cells  in  the  act  of  mitotic  division  are 
found,  like  those  already  figured  in  Fig.  302. 

Epithelium,  especially  that  of  the  skin,  the  mucous  membranes,  and  many 
glands,  undergoes  a  continuous  physiological  shedding  which  is  associated  with 
a  corresponding  regeneration.  Mitotic  figures  are  often  seen  in  healthy  organs 
containing  epithelium,  and  it  cannot  be  surprising  that  pathological  regenera- 
tion of  epithelium  should  also  be  very  extensive.  Regeneration  of  surface 
epithelium  after  destruction  or  removal  of  a  part,  is  very  complete.  This  will 
be  discussed  more  fully  under  the  description  of  the  healing  of  wounds. 

Hair  and  nails  are  also  often  very  completely  regenerated,  at  least  when 
portions  of  the  hair  follicles  or  the  major  part  of  the  nail-bed  have  been  preserved. 
The  falling  out  of  the  hair  after  fevers,  such  as  typhoid,  etc.,  as  well  as  after 
other  exhausting  diseases,  is  well  known,  and  so  also  is  the  very  complete 
renewal  of  the  growth  of  hair  which  generally  occurs.  When  the  terminal 
phalanx  of  the  finger  has  been  destroyed,  rudiments  of  the  nail  often  develop 
on  the  stump,  but  in  most  cases  it  may  be  assumed  that  some  remains  of  the 
nail-fold  have  been  preserved  in  the  cicatrising  point  of  the  finger.  In  the 
operation  for  removal  of  cataract,  some  of  the  formative  cells  situated  at  the 
equator  of  the  lens  are  invariably  left  behind,  along  with  the  torn  capsule  of 
the  lens,  and  may  become  the  starting-point  of  an  epithelial  cell  formation. 
This  thickening  of  the  capsule  of  the  lens  represents  a  regenerative  process 
which  is  generally  greater  the  younger  the  individual  operated  on.  In  the 
same  manner  regenerative  epithelial  growths  develop  in  the  liver,  the  kidney, 
and  other  glandular  organs  after  injuries  or  after  many  diseases  which  lead  to 
destruction  of  glandular  tissues.  This  regenerative  growth  may  go  on  to  the 
formation  of  a  tumour,  an  adenoma,  in  which  the  new  tissue  may  not  be  com- 
pletely devoid  of  function.  In  other  cases,  in  which  the  regenerated  portion  is 
absolutely  identical  with  the  structure  of  the  organ,  the  restoration  of  function 
is  complete.  Martinotti  studied  those  processes  experimentally  in  the  kidney, 
and  made  the  remarkable  discovery  that  there  is  a  change  in  the  function  in 
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those  cells  of  the  renal  epithelium  in  which  the  presence  of  karyomitosis  showed 
that  they  took  part  in  the  regeneration  of  areas  which  had  been  previously 
excised.  The  other  cells  secrete  sulphindigodate  of  soda  which  has  been  injected 
into  the  blood,  whereas  the  cells  which  are  found  to  be  in  process  of  division  do 
not  take  part  in  the  secretion. 

True  hypertro]}liii  or  increase  in  size  of  the  individual  cells  is  often  combined 
with  hyperplasia  of  the  epithelial  tissues.  The  epithelial  tumours,  papilloma, 
adenoma,  cystoma,  and  carcinoma,  afford  numerous  examples  of  such  an 
occurrence.  At  the  margin  of  areas  which  are  being  covered  with  epithelium, 
an  increase  in  the  size  of  the  epithelial  cells  may  also  be  seen.  This  may 
appear  in  a  comparatively  short  time   after  the  injury  and  may  considerably 
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Fig.  307.— Apex  of  a  villus  from  a  papilloma  of  the  bladder  covered  with  stratified  epithelium,  n,  Part  where 
epithelium  has  been  removed  ;  6,  intercellular  space  with  some  wandering  lymphoid  cells.  Five  cells  show- 
ing nutosis  are  to  be  seen  in  the  figure.     x600. 

hasten  the  healing  of  the  smaller  areas.  It  consists  of  a  swelling  of  the 
epithelium.  If  new  epithelial  cells  are  afterwards  formed  on  the  surface  of 
the  wound,  the  newly-formed  cells,  before  they  reach  their  final  state,  also 
show  a  considerable  increase  in  size.  The  cells  are  hypertrophic,  like  the 
growing  cells  of  many  epithelial  tumours. 

With  regard  to  metaplasia  of  epithelial  cells,  it  has  already  been  mentioned 
that  it  is  limited  to  the  transformation  of  one  form  of  epithelium  into 
another.  The  mucous  membrane  of  the  bladder  gives  an  example  of  this  which 
is  of  some  practical  importance.  This  mucous  membrane  is  covered,  normally, 
with  stratified  squamous  epithelium.  In  catarrh  of  the  bladder  the  superficial 
layers  of  epithelium  are  removed  in  patches,  while  the  deeper  layers  assume 
an  appearance   approaching   that  of   cylindrical   epithelium  (Fig.   307).     The 
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metaplasia,  however,  is  only  distinctly  noticeable  when  chronic  catarrh  is 
associated  with  the  formation  of  a  cauliflower-like  tumour  covered  with 
epithelium,  papilloma  of  the  bladder.  For  the  diagnosis  of  papilloma  of  the 
bladder  during  life,  it  is  important  to  know  that  its  epithelial  covering  consists 
of  stratified  cylindrical  cells  (Fig.  307).  This  is  apparently  a  metaplasia  of 
stratified  squamous  into  stratified  columnar  epithelium.  In  the  same  way, 
in  polypoid  growths  from  the  mucous  membrane  of  the  middle  ear,  which  are  at 
first  covered  with  cylindrical  epithelium,  the  character  of  the  epithelium  is 
altered  when  they  reach  the  outer  ear,  after  perforating  the  tympanic  membrane. 
The  cylindrical  epithelium  is  then  transformed  into  stratified  squamous 
epithelium. 

The  list  of  examples  of  the  occurrence  of  metaplasia  of  epithelial  tissues 
could  be  considerably  lengthened,  but  it  will  be  suflicient  to  point  out  that  the 
transition  of  one  form  of  epithelium  into  another  may  sometimes  be  regarded 
as  an  arrest  at  an  earlier  stage  of  development.  For  example,  the  epithelial 
tumours  of  the  gastric  and  intestinal  mucous  membrane  consist,  as  a  rule, 
of  cylindrical  epithelial  cells,  which  more  or  less  closely  resemble  the  normal 
epithelial  coat  of  this  organ.  Occasionally,  however,  in  the  same  tumour  the 
cylindrical  epithelium  may  be  partly  or  entirely  replaced  by  the  round  or 
cubical  varieties  which  i-esemble  the  imperfectly-developed  epithelial  cells  of 
this  mucous  membrane.  This  is  seen  more  especially  in  tumours  which  are  of 
rapid  growth,  and  therefore  malignant. 
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(b)  Origin  of  the  Cellular  Elements  of  the  Blood 

The  investigation   of  the  process  by  which  the  cellular  elements  of  the 
blood   multiply  presented  unusually  great  difficulties,  and  even  now  opinion 
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differs  greatly  in  regard  to  many  particulars.  The  following  account  must  be 
limited  to  a  statement  of  the  best  authenticated  facts,  including  the  processes 
of  embryonic  development,  since  on  this  latter  point  there  is  no  longer  any 
difference  of  opinion. 

Tilt  formation  of  blood  in  the  embryo  begins  with  the  appearance  of  the 
so-called  blood  islets  (Pander,  v.  Baer,  Schwann,  Eeichert)  in  the  vascular  area 
of  the  embryo.  These  are  the  thickly  -  grouped  strands  of  cells  in  the 
mesoblast  (Fig.  308),  in  the  margins  of  which  the  first  indications  of  blood 
spaces  appear.  While  these  rudimentary  capillaries  are  enlarging  and  open- 
ing into  each  other  (Fig.  309),  indirect  division  may  be  observed  to  occur  in 
the  nuclei  and  cells  of  the  blood  islets.  The  junction  of  the  rudimentary 
capillaries  leads  to  the  formation  of  a  capillary  network  whose  wall  is  still 


Fig.  308. — Blood  islets  in  the  area  vascHlosa  of  the  chick.    Rudimentary  capillaries  (e)  in  process  of  formation 
in  their  niar{;ins.    Twenty -eighth  day  of  incubation.     x300. 


partly  formed  by  the  strands  of  cells,  described  as  the  blood  islets  (Fig.  310). 
Circulation  has,  by  this  time,  already  been  developed  in  the  vascular  system, 
and  some  of  the  cells  of  the  blood  islets  are  separated  and  mixed  with  the 
circulating  blood-serum.  As  the  channels  of  the  capillaries  continue  to  invade 
the  cells  of  the  blood  islets,  the  latter  become  more  and  more  projected  into  these 
channels  until  they  finally  adhere  to  tlie  capillary  wall  b}'  a  single  cell  only 
(Fig.  311).  After  this  connection  has  also  been  severed,  tlie  blood  islets,  which 
now  contain  haemoglobin,  break  up  into  their  cellular  constituents  and  join 
the  circulating  blood.  The  blood  now  consists  of  a  clear  fluid,  containing 
numerous  nucleated  red  corpuscles. 

The  phenomena  of  cell  division  are  observed,  meanwhile,  not  only  in  the 
cells  of  the  blood  islets,  but  also  in  the  nucleated  red  corpuscles  of  the  cir- 
culatinir  embryonic  blood,  as  was  first  pointed  out  by  Remak  and  Kolliker. 
Biitschli,  Flemming,  and  Peremeschko  have  proved  that  the  cell  division  in  the 
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red  corpuscles  of  the  embryonic  blood  occurs  as  a  karyomitosis — a  fact  which 
can  be  comparatively  easily  demonstrated  in  the  blood  of  the  chick. 
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Fig.  309.— Numerous  rudimentary  capillaries  (0,  e)  in  the  margins  of  the  blood  islets,  which  have  become  con- 
fluent. The  nucleus  and  cells  in  the  blood  islets  are  undergoing  mitotic  division.  From  the  chick.  Incu- 
bated thirty-tour  and  a  quarter  hours,    x  240. 
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Fig.  310. — Network  of  capillaries  and  groups  of  cells 
still  adhering  to  each  other  are  seen.  From  the 
area  vasculosa  of  the  chick  after  forty-four  hours' 
incubation,  a,  a,  So-called  "  substance  "  islets  ; 
c,  c,  lumina  of  the  capillaries,     x  67. 


Fig.  311.— Groups  of  blood-forming  cells  adhering  to 
the  endothelium  of  the  capillary  wall.  From 
the  chick.  Incubated  forty-four  hours.  c, 
Lumen  of  the  capillary,    x  860. 
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The  next  step  in  advance  in  our  knowledge  was  the  important  demon- 
stration by  Neumann  of  nucleated  cells,  coloured  by  heemoglobin  (nucleated 
red  blood  corpuscles  or  hcematohlasts),  in  the  bone-marrow  of  adult  man  and 
mammalia.  Bizzozero,  Torre,  and  Flemming  have  confirmed  those  discoveries, 
and  have  also  shown  that  these  nucleated  red  blood  corpuscles  of  the  marrow 
multiplj''  by  karyomitosis. 

On  the  strength  of  all  these  investigations,  it  may  be  asserted  that,  in 
healthy  individuals,  regeneration  of  the  red  blood  corpuscles  takes  place 
entirely  in  the  vessels  of  the  bone-marrow,  in  which  red  blood  corpuscles, 
nucleated  and  in  process  of  division,  are  to  be  found  in  large  numbers.  But  in 
the  blood  in  the  heart  and  great  vessels,  under  normal  circumstances,  there  are 
only  a  very  few,  if  any,  nucleated  red  corpuscles  to  be  found.  Therefore,  it 
may  be  assumed  that  the  formation  of  red  blood  corpuscles  is,  under  normal 
conditions,  completed  in  the  bone-marrow,  and  only  the  fully-formed  red  blood 
corpuscles  escape  into  the  general  circulation. 

Bizzozero  and  Flemming  have  been  led  by  their  investigations  to  the 
conclusion  that  all  the  nucleated  red  corpuscles  of  the  bone-marrow  are  direct 
descendants  of  the  nucleated  red  blood  corpuscles  of  the  embryonic  blood. 
During  embryonic  life,  those  of  them  which  are  not  transformed  into  non- 
nucleated  red  corpuscles  are  collected  within  the  blood-vessels  of  the  bone- 
marrow,  where  they  produce,  by  means  of  mitotic  division,  new  generations  of 
nucleated  red  cells  which  gradually  become  changed  into  non-nucleated  cells. 
Neumann  has,  however,  drawn  attention  to  the  fact  that  new  red  bone-marrow, 
provided  with  nucleated  red  blood  corpuscles,  may  be  formed  in  post-embryonic 
life  independently  of  pre-existing  marrow  tissue. 

This  production  of  nucleated  red  corpuscles  in  post-foetal  life  may  be  ex- 
plained b}^  three  hypotheses. 

Firstly,  it  may,  and  indeed  occasionally  does,  happen  that  nucleated  red 
corpuscles  escape  from  the  vessels  of  the  bone  -  marrow  into  the  general 
circulation.  These  would  then  be  deposited  as  new  post-embryonic  foci  of 
bone-marrow,  and  become  the  starting-point  of  new  generations  of  nucleated 
red  blood  corpuscles. 

Secondly,  Lowit  and  Denys  have  tried  to  prove  that  the  nucleated  red 
blood  corpuscles  arise  from  small  uninucleated  leucocytes,  devoid  of  haemo- 
globin, which  Lowit  has  called  erythrohlasts.  These  erythroblasts,  according  to 
him,  are  formed  in  the  tissue  of  the  bone-marrow,  the  spleen,  and  the  lymph- 
glands.  They  afterwards  pass  into  the  blood,  where  they  may  undergo  mitotic 
division  and  multiply  before  becoming  nucleated  red  corpuscles.  The  work  of 
H.  Ziegler  supports  these  views  from  the  standpoint  of  comparative  anatomy, 
and,  further,  Foa  and  Salvioli  have  arrived  at  results  similar  to  those  of  Lowit. 

Thirdly,  it  may  be  possible  that  the  cells  of  the  vessel  walls  may,  under 
exceptional  circumstances,  take  part  in  the  production  of  nucleated  red  blood 
corpuscles.  I  do  not  mean  the  intracellular  origin  of  red  corpuscles  from  the 
"  cellules  vaso-farmatives,"  as  maintained  by  Schafer  and  Ranvier.  The  opinions  of 
these  authors  have,  I  think,  been  refuted  by  Spuler  in  a  most  complete  fashion. 
But  when  we  consider  what  takes  place  in  the  formation  of  the  blood 
in  the  embryo,  it  appears  quite  possible  that  the  lining  endothelium  of  the 
vessels  may  produce  the  early  stages  of  the  red  blood  corpuscles  by  cell 
division.  This  process  might  also  explain  the  observations  of  Neumann  on 
post-foetal  formation  of  bone -marrow  and  the  origin  of  nucleated  red  blood 
corpuscles  in  adult  bone-marrow. 

In  pathological  conditions  (especially  in  oligocythfemias  due  to  various  causes). 
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whicli  give  rise  to  an  increased  regeneration  of  red  blood  cwpusdes,  nucleated  red 
blood  corpuscles,  some  of  whicli  show  mitosis,  are  seen  in  considerable  numbers 
outside  of  the  bone-marrow.  Bizzozero  and  Salvioli,  Foa  and  Howell,  next 
demonstrated  their  presence  in  the  spleen  of  mammalia  from  which  a  large 
amount  of  blood  had  been  taken  by  repeated  venesections.  In  such  experiments 
the  nucleated  red  corpuscles  are  found  to  be  as  numerous  in  the  spleen  as  in 
the  bone-marrow,  and  a  few  pass  into  the  blood  of  the  heart  and  great  vessels. 
A  large  number  of  LoAvit's  erythroblasts  are  to  be  seen,  at  the  same  time,  in 
the  spleen  and  bone-marrow,  as  well  as  in  the  lymph-glands  and  blood. 

The  white  cells  of  the  blood  and  lymph  are  developed  in  the  lymph- 
glands,  spleen,  and  bone -marrow,  in  both  normal  and  pathological  conditions 
(Flemming,  J.  Arnold,  Lowit).  The  results  of  experimental  and  histological 
investigation  show  that,  in  anaemia  from  various  causes,  the  new  formation  of 
white  cells  is  notably  increased,  and  the  organs  mentioned  above  are,  in 
consequence,  much  more  rich  in  cells.  The  spleen  and  lymphatic  glands  swell 
up  and  a  part  of  the  yellow  marrow  becomes  red,  lymphoid  bone-marrow.  At 
the  same  time,  the  number  of  white  corpuscles  in  the  blood  is  invariably 
i ncreased  {hucocytosis). 

Histological  investigation  shows  that  the  increase  of  white  corpuscles  is 
brought  about  by  mitotic  and  amitotic  segmentation  (Flemming,  Foa,  Lowit). 
According  to  J.  Arnold,  the  fragmentation  of  the  nucleus  of  the  leucocytes  is 
also  to  be  regarded  as  an  early  stage  of  cell  division. 
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(c)  New  Formation  of  Blood- Vessels 

Formation  of  new  blood-vessels  begins  invariably  with  the  formation  of  new 
capillaries.  The  researches  of  Jos.  Meyer,  Billroth,  Golubew,  J.  Arnold,  and 
Klein  have  led  to  the  distinction  of  three  modes  of  formation  of  capillaries. 
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In    the  irnmary  formation   of  vessels — that  is,  in   the   first  appearance  of 


Pig  312  —Strands  of  cells  in  the  mesoblast  of  the  area  pellucida  of  the  chick.    Incubated  twenty-four  hours. 

x650. 
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Fig.  313.— Kudimentary  capillaries  (c)  among  the  strands  of  cells  in  the  mesoblast  of  tlie  area  pellucida  of  the 
chick.  Incubated  forty-eight  hours.  Tlie  large  cavity  has  probably  been  formed  by  the  confluence  of  two 
small  ones,     x  376. 


blood-channels  in  the  embryo — the  mesoblastic  cells,  which  were  considered  to 


NEW  FORMATION  OF  CAPILLARIES 


473 


be  vacuolated  from  the  beginning,  were  supposed  to  become  fused  in  such  a 


Fio.  314. — Primary  capillary  network  formed  by  the  confluence  of  the  rudimentary  capillaries  (c).    Area 
pellucida  of  the  chick  incubated  twenty-eight  hours,     x  290. 


manner  that  the  spaces  within  them  united  to  form  the  lumen  of  the  vessels 
(Billroth). 

In  secondary  new  fm'mation  of  vessels,  rows 
or  columns  of  cells  are  said  to  be  developed 
in  connection  with  pre-existing  capillaries. 
Spaces  appear  between  the  columns  of  cells 
which  become  continuous  with  the  lumen 
of  the  pre-existing  capillaries  (Billroth). 

In  tertiary  new  formation  of  vessels, 
or  new  fornmtion  of  vessels  by  '^budding," 
bud-like  processes  from  the  protoplasm  of 
the  endothelium  form  in  the  walls  of  pre- 
existing capillaries.  Two  or  more  adjacent 
buds  blend  with  each  other,  and  the  hollow 
spaces  which  are  formed  become  continuous 
with  the  lumen  of  the  capillary  from  which 
the  buds  grew  out  (Jos.  Meyer,  Golubew,  J. 
Arnold). 

These  three  supposed  modes  of  capillary 
formation  differ  in  this  respect  that,  in  the 
first  and  third  forms,  the  lumen  of  the 
capillary  originates  within  the  cell — is  iii- 
tracelhdar,  and  in  the  second  form  between 
the  cells — is  intercellular.  The  second  method  of  formation  has,  therefore, 
now  lost  many  of  its  supporters,  and  the  theory  of  the  first  mode  of  formation 
has  also  been  modified  by  Klein,  who  made  the  suggestion  that  vacuole-like 
spaces  become  developed  in  the  cells,  and  that  these  afterwards  became  confluent 


Fig.  315. — Capillaries  from  the  area  pellucida 
of  the  chick.  Incubated  thirty-four  and  a 
half  hours,     x  290. 
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with  similar  spaces  in  neighbouring  cells.  If  this  view  be  correct,  the  processes 
of  development  in  the  first  and  third  forms  would  resemble  each  other  very 
closely,  since  in  both  the  capillary  lumen  is  of  intracellular  origin,  arising  by 
vacuolation  of  the  central  portion  of  the  protoplasm ;  while  the  supposition 


Fig.  31i;.- 


-Groatly  magnified  buds  which  are  forming  new  vessels.    The  long  thread-like  processes  of  the 
buds  are  only  reproduced  in  part. 


that  the  cells  which  form  the  vessel  walls  in  the  embryo  are  primarily  hollow 
or  vacuolated  is  allowed  to  drop. 

More  minute  investigations,  which  I  published  elsewhere,  have  led  me  to 
the  conclusion  that  all  vessel  formation  is  intercellular  in  origin,  and  that  only 
two  forms  of  capillary  new  formation  are  to  be  distinguished — primary  new 
formation  of  vessels,  and  new  formation  by  budding.      This  is  a  conclusion 


Fic.  317.— Vessel-buds  and  formation  of  new  capillaries  in  the  area  pellncida  of  the  chick. 

thirty-four  and  a  half  hours,     x  360. 


Incubated 


which  has  since  been  confirmed  by  the  researches  made  by  Yamagiwa  in  the 
Pathological  Institute  in  Berlin. 

^y  primary  new  formation  of  vessels  is  meant  the  processes  which  lead  to  the 
formation  of  the  first  capillaries  in  the  vascular  area  of  the  embryo.  The  cells 
of  the  mesoblast  become  arranged  in  strands  in  the  vascular  area  (Fig.  312). 
In  these  strands  rounded  spaces  appear  between  the  cells.     The  margins  of 
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the  cells  which  are  directed  toward  these  spaces  are  distinguished  by  being 
somewhat  more  refractile  (Fig.  313).  These  spaces,  which  are  filled  with  a  clear, 
probably  fluid  substance,  open  into  one  another  (Figs.  314,  315),  and  in  this 
way  form  the  first  capillaries  of  the  vascular  area.  During  this  process  the 
originally  polygonal  cells  which  formed  the  walls  of  the  hollow  spaces  become 
gradually  transformed  into  pavement  epithelium. 

New  formation  of  vessels  by  budding  begins  in  the  vascular  area  as  soon  as 
the  first  capillary  network  is  formed.  Later  on,  in  post-embryonic  life,  it  is  the 
only  form  of  new  vessel  formation  which  is  to  be  observed.  The  protoplasm 
of   the   endothelial   cells   sends  out  solid  conical   buds  which  grow  into  long 


Fig.  318. — Vessel-buds  with  a  capillary  lumen  formed. 
From  the  area  pellucida  of  the  chick.  Incubated 
thirty-four  and  a  half  hours,     x  400. 


Fig.  319.— Two  capillaries  (c,  c)  -with  vessel-buds 
between  them.  The  lumeu  of  the  upper 
capillary  shows  a  blind,  sac-like  dilatation. 
From  the  area  pellucida  of  the  chick.  In- 
cubated thirty-four  and  a  half  hours,     x  400. 


threads  (Fig.  316).  At  the  same  time,  or  even  earlier,  the  nuclei  of  the 
endothelium  of  the  capillary  wall  divide  by  karyokinesis,  so  that  nuclei  are 
generally  to  be  found  in  the  base  of  the  cone-shaped  bud.  The  long,  thread- 
like processes  of  the  buds  then  unite  with  neighbouring  ones,  and  in  this  way 
form  protoplasmic  bridges  between  the  different  portions  of  the  capillary 
network  (Fig.  317). 

New  formative  cells  not  infrequently  arise  along  the  side  of  the  buds  (Figs. 
316-318);  the  buds  then  gradually  become  hollowed  out,  generally  beginning 
from  the  lumen  of  the  capillary  to  the  wall  of  which  they  are  attached.  I  have 
only  exceptionally,  and  in  very  cellular  vessel-buds,  observed  the  occurrence  of 
isolated,  but  still  intercellular,  vascular  spaces  (Fig.   318).      The  vessel  lumen 
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becomes  pushed  out  into  the  buds  in  such  a  fashion  that  the  sharp  outline  of 
the  kimen  is  never  lost.  The  cells  which  compose  the  bud  become  gradually 
rearranged  and  transformed  into  a  hollow  tube  of  cells  (Figs.  317,  319). 

When  these  processes  have  been  completed  in  the  two  buds  which  together 
bridge  over  the  space  between  two  capillaries,  the  bridge  has  become  hollow 
in  its  entire  length,  and  a  new  capillary  has  thus  been  formed  connecting  the 
two  old  capillaries  (Fig.  320). 

The  formation  of  new  capillaries  by  budding  has  been  frequently  observed 
under  pathological  conditions,  in  the  first  instance,  by  Jos.  Meyer,  Billroth, 
J.  Arnold,  and  C.  Weil.  Since  then  they  have  been  observed  in  diseased  tissues 
in  man  under  manifold  conditions.  Arteries  and  veins  are  formed  from 
the  capillaries  by  increase  in  size  of  the  lumen  and  corresponding  growth  in  thick- 


Fio.  320. — New  formation  of  capillaries  in  the  amnion  of  a  fcetal  calf,  x  500. 


ness  of  the  walls.  It  is  generally  assumed  that  the  muscular  coat  of  the  vessel 
increases  by  apposition  from  without,  and  therefore  does  not  originate  from  the 
endothelium  of  the  wall,  but  from  neighbouring  portions  of  non-striated  muscle. 
In  post-foetal  existence  the  process  may,  as  a  rule,  be  carried  out  by  the  ingrowth 
of  the  non-striated  muscular  coat  of  pre-existing  arteries  into  the  wall  of  the 
new  arteries.  The  elastic  elements  of  the  walls  of  the  arteries  and  veins  are, 
as  a  rule,  regarded  as  a  product  of  the  muscular  coat. 

The  histo-mechanical  conditions  which  govern  the  new  formation  of  capillaries 
and  their  transition  into  arteries  has  been  already  thoroughly  explained  (p. 
265).  The  discussion  here  can  therefore  be  limited  to  demonstrating,  by  means 
of  a  carefully  examined  specimen,  the  general  features  of  the  lumen  of  a  branch- 
ing vessel  during  a  period  of  active  growth.  In  Fig.  321  a  dividing  vessel  in 
the  areavasculosaof  the  seventy-four  hours' chick  is  represented,  the  magnification 
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being  such  as  to  permit  a  direct  comparison  with  the  earlier  stages  previously- 
depicted  (Figs.  176,  177,  pp.  266,  267).  If,  in  such  a  preparation,  the 
arterial  wall  is  measured  at  different  points  and  the  transverse  section 
reckoned  in  square  micromillimetres,  it  is  seen   that    the    transverse   section 


Fig.  321. — Part  of  the  area  vasculosa  of  the  chick.   Incubated  seventy-four  hours.    Dorsal  aspect  is  presented. 

V,  V,  Veins.    The  arteries  are  dark,    x  21. 


of  the  lumen  of  main  trunk  =3252  sq.  /x.     The  sum  of  the  transverse  sections 
of  the  lumina  of  the  branches  of  the  main  branch  after  division  into 


3  branches 
6    „ 

21 


=  3446  sq.  /j. 
=  4796   „ 
=  5506   „ 
=  5742   „ 


The  branching  of  one  of  these  rapidly  growing  arteries  is  therefore  dis- 
tinguished by  the  fact  that  the  tranverse  section  of  the  main  trunk  is  smaller 
than  the  sum  of  the  transverse  sections  of  its  branches,  and  that  this  relation  is 
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repeated  at  each  new  division.  It  follows  necessarily  that  the  blood-stream  in 
the  trunks  is  quicker  than  in  the  branches,  and  thus,  according  to  the  first 
histo-mechanical  principle  (p.  265),  the  more  rapid  growth  of  the  arterial 
trunks  and  the  slower  growth  of  the  branches  are  explained.  In  a  fully, 
formed  vascular  network,  however,  the  branching  is  of  equal  capacity,  the 
transverse  section  of  the  main  trunk  being  equal  to  the  sum  of  the  transverse 
sections  of  its  branches  (p.  275).  Even  without  measurement  the  slender 
branches  of  the  fully-formed  arterial  channels  can  be  differentiated  by  the  eye 
from  the  peculiarly  large  branches  of  an  artery  which  is  still  growing. 
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(d)  New  Formation  of  Connective  Tissue  and  Healing  of  Wounds 

The  cells  from  which  new  connective  tissue  is  formed,  arise  either  from  the 
endothelial  lining  of  the  vessels  or  from  the  cells  of  pre-existing  connective 
tissue. 

Thiersch,  Waldeyer,  Baumgarten,  and  Eaab  were  the  first  to  demonstrate 
the  origin  of  connective  tissue  from  the  endothelium  of  vessels.  They  observed  an 
increase  in  the  endothelial  cells  of  ligatured  arteries,  and  these  cells  became 
transformed  into  the  cells  of  a  wavy  connective  tissue  which  Avas  formed 
inteiTial  to  the  elastic  lamina. 

According  to  my  investigations,  this  process  has  a  more  general  bearing 
upon  the  mode  of  new  formation  of  connective  tissue,  since  it  appears  that,  in 
many  cases,  the  first  stage  in  new  formation  of  connective  tissue  is  a  new 
formation  of  capillaries,  Avhich,  in  their  turn,  provide  the  material  for  the 
further  production  of  connective  tissue  cells. 

This  process  can  be  traced  most  completely  in  marasmic  thrombi  which  are 
gradually  replaced  by  connective  tissue.  This  substitution  of  connective  tissue 
for  the  thrombus,  as  observed  by  Heuking  and  myself,  has  already  been 
described,  and  the  account  given  on  p.  285  may  be  referred  to  as  regards 
many  points  Avhich  do  not  come  directly  under  consideration  here.  The 
thrombus  shrinks,  and,  at  the  same  time,  the  endothelium  of  the  vessel  wall 
grows  over  the  surface  of  the  throml^us,  covering  it  with  a  single  layer  of  flat 
cells.  Further  proliferation  of  this  endothelial  covering  jnelds  the  cells  which 
secrete  an  intercellular  substance  and  produce  the  layer  of  connective  tissue 
Avhich  covers  the  surface  of  the  thrombus  (Figs.  322,  323).  From  the 
endothelial  covering  of  the  thrombus  capillaries  now  develop,  penetrate  the 
mass  of  the  thrombus,  and  also  give  origin  to  connective  tissue  cells  on  their 
external  surface.  These  cells  ultimately  form  the  thick  connective  tissue 
envelope  which  surrounds  the  capillaries  of  the  vascularised  thrombus. 

The  new  formation  of  connective  tissue  and  connective  tissue  cells  from  jjreviously 
existing  connective   tissue   has   been   described   by   E.   Virchow    in    his    Cellular 
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Pathology  and  elsewhere  as  a  very  common  occurrence.  The  more  detailed 
study  of  these  processes,  however,  necessitated  a  number  of  most  important 
preliminary  investigations  before   a   conclusive    result   was   arrived    at.      The 


Fig.  322. — Organisation  of  a  tluoiubiis  in  tliu  femoral  vein,  x  12. 

most  important  of  these  preliminary  investigations  are  the  works  of  \. 
Eecklinghausen  on  lymphatic  glands  and  wandering  cells,  the  investi- 
gations of  Cohnheim  on  pus  formation,  emigration  of  white  corpuscles,  and 
inflammation    of    the    cornea,    and    also    the  works   of    Eanvier,    Schweigger- 


-^ 


Fig.  323. — Endothelial  covering  of  thrombus.    The  new  formation  of  capillaries  and  connective  tissue  cells 

from  the  thrombus  is  seen,    x  400. 


Seidel,  Boll,  Waldeyer,  J.  Arnold  and  Kollmann  on  the  structure  of  connective 
tissue. 

These  earlier  works  opened  up  the  cjuestion  whether  white  corpuscles, 
after  emigration  from  the  vessel,  became  connective  tissue  cells.  Bubnoff,  E. 
Ziegler,  Senftleben,  and  Tillmanns  especially  endeavoured  to  support  this  view 
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experimentally.  Bubnoif  applied  cinnabar  to  the  external  aspect  of  throm- 
bosed A'essels  and  found  it  contained  in  the  cells  Avhich  had  passed  through  the 
vessel  wall  into  the  thrombus.  Ziegler,  Senftleben,  and  Tillmanns  embedded 
hollow  objects,  glass  chambers,  double-ligatured  vessels,  or  hardened  portions  of 
organs  in  the  subcutaneous  tissue  and  the  abdominal  cavity  of  warm-blooded 
animals,  and  afterwards  found  newly-formed  connective  tissue  and  wandering 
cells  in  the  fissures  and  cavities  of  the  foreign  bodies  and  dead  tissues. 
It  appeared  to  be  firmly  established  that  these  cells  could  only  attain  their 
new  situation  by  emigration.  Ziegler's  experiments  have  gi'eatly  added  to 
the  accurate  knoAvledge  of  those  early  forms  of  pathological  newly-formed  cells 
(the  fibrohlada  of  Ziegler)  Avhich  had  already  been  minutely  described  b}' 
Xeumann.  Those  are  round  or  flat  cells,  occasionally  spindle-shaped,  provided 
A\ath  large  nuclei  (Fig.  324).  The  round  and  polygonal  fibroblasts  frequently 
show  a  certain  resemblance  to  epithelial  cells,  and  are  named  epithelioid  cells  to 
distinguish  them  from  real  epithelial  cells  (E.  Wagner,  Schiippel). 


if 


Fig.  324. — Three  young  connective  tissue  cells  (fibroblasts)  and  two  leucocytes  with  lobulated  nuclei.    From 
the  granulation  tissue  of  an  ulcer  on  the  leg  of  a  man,  thirty -eight  years  of  age.    x  1200. 


It  was  clear,  however,  that  the  presence  of  those  cells  in  the  glass  chambers 
and  pieces  of  hardened  lung  which  had  been  placed  under  the  skin  or  in  the 
abdominal  cavity  of  living  animals,  gave  no  indication  of  the  origin  of  those 
cells,  and,  more  especially,  was  no  proof,  as  had  been  believed,  that  the  leu- 
cocytes which  had  escaped  from  the  blood-vessels  were  transformed  into 
connective  tissue  cells.  F.  Marchand,  Ballance  and  Edmunds  have  thoroughly 
demonstrated  that  no  transition  stage  between  leucocytes  and  fibroblasts  is  to 
be  found.  This  I  can  confirm  on  the  strength  of  a  repetition  of  Ziegler's 
experiments  (Marchand,  Nikiforoft',  Ballance  and  Edmunds).  It  is  more 
probable  that  the  leucocytes  break  down  and  are  absorbed  by  the  phagocytic 
action  of  the  fibroblasts. 

The  work  of  those  investigators  makes  it  apparently  certain,  as  Ziegler  has 
since  admitted,  that  the  fibroblasts,  found  in  the  glass  chambers  and  foreign 
bodies,  are  derived  from  the  fixed  connective  tissue  cells  of  the  tissue  in  the 
neighbourhood.  These  diAade  by  mitotic  segmentation  of  the  cell  nucleus,  and 
the  young  cells  Avhich  arise  enter  the  glass  chambers  or  foreign  bodies,  ^^'hether 
they  are  amceboid  like   the  white  cells   of  the   blood   is   not  known.     It  is 
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possible  that  they  might  be  transported  by  the  tissue  fluids,  or  that  they  might, 
in  other  cases,  be  displaced  by  the  process  of  growth.  In  the  fibroblasts,  also, 
indirect  segmentation  of  the  nucleus  and  division  of  the  cell  may  be  demon- 
strated. The  division  of  the  cell  is  sometimes  slower  than  that  of  the  nucleus, 
so  that  cells  with  many  nuclei,  giant  relU,  may  be  developed  in  the  enclosed 
glass  tubes  and  foreign  bodies.  In  the  cases  where  blood-vessels  are  found  in 
the  glass  chambers  and  foreign  bodies,  it  would  be  of  interest  to  know  how  much 
the  endothelium  of  the  vessels  had  to  do  Avith  the  production  of  fibroblasts. 

The  formation  of  fibroljlasts  may  very  frequently  be  demonstrated  in 
human  and  animal  tissues.  The  young  connective  tissue  cells  which  originate 
in  the  endothelium  of  the  vessels,  and  which  have  already  been  mentioned, 
may  be  regarded  as  such.  They  may  also  be  produced  in  a  similar  manner 
from  connective  tissue  by  mitotic  division  of  its  cells.  Proliferation  of  the 
cells  by  karyokinesis  in  pathological  connective  tissue  was  first  demonstrated 
by  Homen,  and  shortly  afterwards  this  was  confirmed  by  Bizzozero,  Canalis, 
Mondino,  Tizzoni,  ancl  many  others.  This  process  may  be  easily  seen  in 
granulation  tissue  in  wounds.  It  must  be  remembered,  however,  that  even  in 
rapidly  growing  tissues  the  number  of  mitoses  present  in  a  microscopical 
specimen  is  very  limited.  If  a  cell  can  divide  into  two  by  mitosis  within  one 
or  two  hours,  the  increase  in  the  cellular  elements  would  be  immense  if  the 
process  were  rapidly  rei:)eated.  Forty-six  generations  of  cells  would  produce 
many  billions  of  cells,  as  Ave  learn  from  the  Avell- known  calculation  in 
connection  with  chess.^  The  resting  condition  which  folloAvs  division  occupies 
a  long  period,  however,  so  that  the  number  of  mitoses  in  a  preparation  is 
always  limited. 

Division  is  always  preceded  by  an  increase  in  the  size  of  the  cell,  so  that 
tissues  in  which  processes  of  new  formation  are  begiiming  are  always  compara- 
tively cellular,  and  contain  large  cells.  This  increase  in  the  size  of  the  cells 
has  long  been  known,  and  has  been  compared  to  a  reversion  to  the  conditions 
present  in  the  embryo.  Though  this  comparison  is  not  always  appropriate, 
still  there  is  no  necessity  to  quote  the  theory  of  "sleeping  cells,"  suggested  by 
GraAvitz  and  his  pupils  as  an  explanation.  Increase  in  the  size  of  the  tissue 
cells  already  present,  combined  Avith  a  certain  limited  amount  of  cell  division, 
is  quite  sufficient  to  account  for  the  very  cellular  character  of  groAAdng  tissue, 
especially  connective  tissue,  as  A\'as  lately  fully  explained  by  Hansemann. 

Tlie  young  connective  tissue  cells  or  fibroblasts  produce  an  intercellular 
substance  which  is  partly  homogeneous  and  partly  fibrillated.  Since  the  time 
of  SchAvann  there  has  been  a  great  diversity  of  opinion  as  to  the  formation  of 
the  fibrilla?.  Many  authors  teach  that  the  connective  tissue  cells  produce  a 
homogeneous,  intercellular  substance,  Avhich  is  subsequently  rendered  fibrillar 
by  the  action  of  mechanical  tension  Avhich  determines  its  form  and  alters  the 
relations  of  its  molecular  arrangement.  It  has  been  asserted  by  other  authori- 
ties that  the  peripheral  zones  of  the  protoplasm  of  the  cells  become  fil^rillar 
and  are  afterAvards  transformed  into  intercellular  substance.  This  vicAv  has 
been  strongly  supported  by  SchAvann,  M.  Schultze,  Beale,  Neumann,  Boll, 
Rollet  and  Flemming,  Avhile  Kolliker  and  Ranvier  no  less  strongly  support  the 
other  theory  in  their  text-books.  As  far  as  I  can  see,  it  is  very  difficult  to 
come  to  a  decision  in  the  matter.  This  much  is  certain,  that  the  spindle- 
shaped  fibroblasts,  especially,  frecj^uently  shoAv  fibrillated  structures  in  the 
protoplasm  at  their  poles,  and  that  some  at  least  of  the  connective  tissue  fibres 

^  9,223,372  billions  of  cells.      Estimating  the  diameter  of  the   cell  at  O'Ol  millimetre,   the 
total  size  would  be  about  5000  cubic  millimetres. 
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occur  in  the  immediate  neighbourhood  of  the  cells.  The  direction  of  the 
fibres  is  subsequently  determined  exclusively  by  the  mechanical  tension  of  the 
tissues.  No  direct  proof  as  to  the  origin  of  the  fibrillse  can  be  obtained  from 
this  fact,  however,  since  it  is  quite  possible  that  there  may  be  subsequent 
alterations  in  the  position  of  the  fibres. 

Between  the  fibroblasts  large  multinucleated  giant  cells  are  frequently 
found  (Fig.  325).  They  are  very  numerous  in  tubercular  and  syphilitic 
growths  (Eokitansky,  Virchow,  Wagner,  Schlippel,  Langhans,  Koster,  Bro- 
dowski,  J.  Arnold,  Baumgarten).  In  leprous  areas  (Thoma)  and  in  the  young 
connective  tissue  which  forms  in  the  margins  of  wounds  (A.  Jacobson)  they 
are  less  common.  They  are  very  often  seen  in  and  round  about  foreign 
bodies  which  have  become  enclosed  in  the  tissues  (Heidenhain).      Their  modes 
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Fig.  325. — Giant  cells  (a  and  V)  from  a  miliary  tubercle  of  the  liver  (J.  Arnold) ;  c,  giant  cell  growing  by  apposi- 
tion of  cells  (Langhans's  mantle  cells) ;  d,  from  a  leprous  nodule  of  the  skin  ;  e,  from  wound  granulations 
formed  near  a  foreign  body  (a  silk  thread) ;  /,  from  a  sarcoma  of  the  lower  jaw ;  g,  a  capillary  with  a  thick 
club-shaped  bud  from  a  sarcoma  of  the  manmia.     x  420. 

of  origin  differ  greatl}^,  however.  Observations  published  by  J.  Arnold  and 
Lange  show  distinctly  that  giant  cells  are  formed  by  the  confluence  of  Avhite 
blood  corpuscles,  while  Friedliinder,  Gaule,  Llibimow,  and  J.  Ai'nold  have 
demonstrated  their  formation  by  the  confluence  of  epithelial  cells.  As  a  rule, 
this  seems  to  be  a  retrogressive  jorocess.  The  opinion  of  Weigert  that  the 
peculiar  non-nucleated  character  of  the  central  portion  of  many  giant  cells  is 
due  to  partial  necrosis  of  the  cells  Avould  quite  agree  with  this  view.  All 
giant  cells  do  not  belong  to  the  classes  described,  however.  It  would  appear 
from  the  investigations  of  Wegner,  Brodowski,  and  Durante  that  many  giant 
cells  are  modified  buds  from  the  vessels,  and  lastly,  Viixhow  has  claimed  that 
giant  cells  may  be  formed  from  fixed  connective  tissue  cells.  The  investiga- 
tions of  E.  and  F.  Marchand  were  first  to  give  proof  of  this,  by  showing  that 
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it  was  probable  that  the  giant  cells  formed  in  and  about  foreign  bodies  in  the 
tissues  were  produced  from  fibroblasts  by  mitotic  division  of  their  nuclei. 

Among  the  many  processes  which  are  associated  with  new  formation  of 
connective  tissue,  those  which  occvu-  during  the  healing  of  wounds  have  at  all 
times  been  of  sjjecially  great  interest.  This  healing  is  mainly  carried  out  by 
new  formation  of  connective  tissue,  but  is,  as  a  rule,  associated  with  new 
formation  of  blood-vessels  and  epithelial  cells,  so  that  a  special  description  is 
necessary.  This  must  of  course  be  limited  at  present  to  Avounds  of  the  soft 
parts,  but  it  will  give  us  a  general  idea  of  the  process,  Avhich  will  be  again 
applicable  in  discussing  the  healing  of  wounds  in  bones. 

In  healing  wounds,  two  types  have  been  distinguished,  viz.  healing  hy 
first  intention,  and  healing  hy  second  intention. 

Surgeons  used  to  consider  moderate  suppuration  a  necessary  part  of  the 
process  of  healing  by  second  intention,  and  regarded  it  as  the  feature  which 
distinguished  the  two  modes  of  healing.  Healing  by  second  intention  was 
healing  after  previous  suppuration,  first  intention  being  characterised  by  the 
absence  of  suppuration,  and  therefore  by  a  more  rapid  course.  We  know 
now  that  the  suppiu-ation  is  due  to  external,  accidental  causes,  infection  as  a 
rule,  and  that  it  may  be  avoided,  under  favourable  conditions,  by  aseptic 
treatment.  In  spite  of  this,  the  terms  first  and  second  intention  are  still  in 
general  use. 

The  shape  and  extent  of  the  wound  and  the  condition  of  its  margins  have 
an  important  bearing  on  the  course  of  healing. 

Clean-cut  incised  wounds  whose  margins  have  not  been  injured  heal  most 
quickly.  If  the  margins  of  such  wounds  be  carefully  apposed,  even  large  and 
deep  incisions  will  heal  within  a  few  days.  In  abdominal  operations  (laparotomy) 
the  walls  of  the  abdomen  are  divided  throughout  their  entire  thickness,  the 
incision  being  often  20  or  25  centimetres  long.  Under  favourable  circum- 
stances this  extensive  incision  heals  so  quickly  that  the  patient  is  able  to 
leave  his  bed  within  twelve  to  twenty  days.  This  result  is,  of  course,  only  to 
be  obtained  by  preventing  any  toxic  or  infectious  action  on  the  margins  of  the 
Avounds,  i.e.  by  thoroughly  asejjtic  treatment. 

Any  "  loss  of  tissue  "  which  is  converted  into  a  linear  wound  by  the  close  apposition 
of  living  tissttes,  covered  with  epitheliiun  externally,  heals  in  a  similar  manner.  In 
this  case,  also,  the  wound  will  close  in  as  short  a  time  as  other  incised  wounds 
if  all  infective  and  toxic  complications  are  successfully  avoided. 

The  healing  of  such  incised  wounds  and  "  losses  of  tissue  "  as  require  extensive 
regeneration  of  tissue  is  a  much  slower  process.  This  class  includes  widely  gaping 
incised  wounds  and  losses  of  tissue  with  healthy  margins,  and  also  incisions  and 
losses  of  tissue  Avhose  margins  are  more  or  less  necrosed  by  the  action  of  toxic 
or  infective  agents,  or  by  suppuration  and  other  infective  diseases  of  wounds. 
The  necrosed  tissue  must  slough  off  before  the  wound  can  close,  and  this 
sloughing  involves  further  loss  of  tissue.  The  wound  gapes  and  can  only  be 
filled  up  by  a  great  formation  of  new  tissue. 

This  formation  of  new  tissue  in  gaping  Avounds  of  all  kinds  Avas,  until 
comparatively  recently,  always  associated  with  suppuration,  because  the  causes 
of  suppuration  Avere  unknoAvn,  and  it  Avas  therefore  unavoidable.  It  can  thus 
be  easily  seen  why  suppuration  Avas  regarded  as  the  distinguishing  feature  of 
healing  by  second  intention.  More  modern  exjDeriences  prove,  hoAvever,  that 
even  the  larger  losses  of  tissue  may  be  filled  up  by  new  connective  and  cicatricial 
tissue  Avithout  real  suppuration  appearing.  Small  quantities  of  coagulable 
exudation  containing  a  fcAV  leucocytes  are,  of  course,  invariably  found  in  such 
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cases,  but  they  in  no  Avay  disturb  or  delay  the  progress  of  healing.  In  incised 
Avounds  they  actually  aid  in  the  primary  cohesion  of  the  margins. 

The  conclusion  is  thus  arrived  at  that  an  uncomplicated  process  of  healing 
is  normal  after  incised  wounds  and  loss  of  tissue,  and  that  suppuration  and 
necrosis  of  the  margins  of  the  wounds  are  complications.  At  the  same  time, 
•we  learn  that  the  usual  processes  of  healing  in  incised  wounds  and  in  loss  of 
tissue  show  no  essential  differences. 

T.  Hunter,  Macartney,  Thiersch,  and  others  have  asserted  with  regard  to 
the  healing  of  linear  incisions  that,  in  many  cases,  the  surfaces  of  the  wound 
may  unite  so  closely  that  the  line  of  the  wound  is  indistinguishable  after  a  few 
days,  and  can,  at  most,  only  be  recognised  by  certain  alterations  in  the  position 
of  the  parts.  Direct  union  of  the  sejyarated  2)arts  vsithout  the  formation  of  cicatricial 
tissue  is  supposed  to  he  jjossible ;  this  view  has  as  yet  received  no  conclusive 
demonstration.     Even  the  very  interesting  experiments  of   Graser,  who  was 


Fig.  326.— Incised  wound  in  the  median  line  of  the  abdominal  walls  from  a  case  of  laparotomy.  H,  The  skin  ; 
F,  subcutaneous  fatty  tissue  with  fascis  and  connective  tissue  septa ;  ^f,  muscles ;  P,  peritoneum,  a, 
Some  lobules  of  fat  which  have  been  sewn  in  between  the  margins  of  the  wo\md  ;  b,  lateral  part  of  a  stitch  ; 
c,  line  of  the  wound.  The  nari'ow  dark  lines  in  the  skin,  the  subcutaneous  tissue  and  the  fasciae  corre- 
spond to  hair  roots,  sebaceous  glands,  sweat  glands,  and  the  larger  branches  of  the  blood-vessels,  in  the' 
neighbom-hood  of  which  there  are  traces  of  infiltration  with  small  cells.  Wherever  exudation  cells  are  to 
be  found  in  the  line  of  the  wound  they  are  represented  in  the  drawing.  The  dark  reticular  markings  on  the 
peritoneal  aspect  of  the  middle  portion  of  the  abdominal  walls  are  also  due  to  the  accumulation  of  small 
round  cells,  chiefly  lymphoid.  The  case  is  that  of  a  boy  on  whom  laparotomy  was  perlormed  by  v.  Wahl 
after  a  gun-shot  wound  in  the  abdomen.  The  wound  was  kept  aseptic.  Death  ensued  three  days  after 
operation  from  haemorrhage  from  the  superior  mesenteric  artery,  which  had  been  injured  by  the  shot,    x  5*1. 


able  to  produce  direct  adhesion  between  two  layers  of  peritoneum  which  had 
been  sewn  together,  have  not  helped  to  support  it.  The  union  of  the  layers  of 
jieritoneum  in  these  experiments  was  due  to  growth  of  the  endothelium  covering 
the  peritoneum,  i.e.  to  a  new  formation  of  tissue  in  which  the  endothelium  was 
transformed  into  ordinary  connective  tissue.  A  new  formation  of  tissue  seems 
to  be  a  really  necessary  condition  for  firm  union  of  the  margins  of  the  wound, 
although  it  may  be  very  slight  in  amount.  Histological  examination  of  the 
incisions  made  in  laparotomies  shows  that  this  new  formation  of  tissue  greatly 
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dej)ends  upon  the  general  condition  of  the  patient.  As  can  be  easily  under- 
stood, it  is  only  when  death  occurs  from  haemorrhage,  sepsis,  pyaemia,  and  other 
pathological  conditions,  that  laparotomy  wounds  can  be  examined  histologically 
within  a  few  days  of  operation.  In  such  cases  the  wound  is  only  slightly  altered. 
The  surfaces  of  the  wound  are  closely  apposed,  its  line  is  often  hardly  visible. 
Some  strands  of  lymphoid  cells  which  accompany  the  vessels  are  sometimes  all 
that  is  to  be  seen  (Fig.  326).  It  is  only  in  parts  where  the  margins  of  the 
wound  are  slightly  apart  that  some  red  and  white  corpuscles,  fibrin,  and  (ten  to 
twelve  days  after  operation)  some  young  connective  tissue  cells  are  found.  In 
addition  to  this,  the  margins  of  the  wound  show  more  marked  infiltration  with 
small  cells,  as  a  rule,  and  a  delicate  layer  of  fibrin,  in  which  some  blood  is 
present,  usually  lies  on  the  peritoneal  surface.  If,  in  such  cases,  the  line  of  the 
wound  is  not  visible  throughout  its  length  two  or  three  days  after  operation, 
this  is  chiefly  due  to  the  close  apposition  of  the  parts  produced  by  the  sutures, 
but  does  not  certainly  indicate  any  direct  union.  The  more  closely  the  margins 
of  the  wound  are  apposed,  however,  the  more  delicate  will  the  scar  be  when 
healing  is  completed,  and  sometimes  it  really  does  subsequently  become  very 
difficult  to  see  it. 

As  a  rule,  the  healing  processes  in  incised  wounds  are  of  such  a  nature  that 
the  union  of  the  margins  is  not  so  complete  as  that  just  described  (Wywodzoff 
and  Thiersch).  Some  blood  is  left  between  the  margins  of  the  wound,  with 
which  lymph  and  some  exudation,  due  to  the  local  circulatory  disturbances, 
afterwards  become  mingled.  These  fluids  accumulate  in  the  wound,  coagulate, 
and  constitute  the  first  adhesion  of  linear  incised  wounds.  The  congestion  of 
the  neighbouring  vessels  continues  to  increase  for  some  time,  so  that  the  margins 
of  the  wound  become  reddened  and  swollen,  while  great  quantities  of  fluid 
and  leucocytes  pass  out  and  fill  the  tissue  spaces.  The  fixed  connective  tissue 
cells  increase  in  size,  proliferate  and  produce  fibroblasts,  while  the  capillaries 
near  the  wound  dilate,  send  out  buds  and  processes,  and  thus  bridge  over  the 
wound.  Finally,  a  narrow  strip  of  connective  tissue  between  the  margins  of 
the  wound  is  formed  from  these  tissue  elements ;  while,  at  the  same  time,  the 
epithelium  proliferates  and  covers  over  the  young  cicatrix  externally.  The 
connective  tissue  of  the  cicatrix  afterwards  becomes  old  cicatricial  tissue 
containing  very  few  cells. 

The  amount  of  tissue  produced  in  the  floor  and  margins  of  Avounds  where 
tissue  has  been  destroyed  or  removed  is  very  much  greater.  In  this  case  also  the 
surface  is  first  covered  by  a  thin  layer  consisting  of  coagulated  blood  and  lymph, 
afterwards  reinforced  by  small  quantities  of  fibrinous  exudation.  The  phenomena 
of  local  circulatory  reaction  are  seen  in  the  neighbourhood  at  the  same  time. 
The  margins  of  the  wound  become  red  and  swollen,  and  under  the  microscope 
a  moderate  amount  of  emigration  of  leucocytes  from  the  vessels  can  be  seen. 

The  reddening  of  the  parts  about  the  wound  begins  within  a  few  minutes 
after  the  injury,  continues  to  develop  for  a  few  hours,  and  then  remains 
stationary.  In  the  course  of  seventy  or  ninety  hours,  reckoning  from  the 
time  of  the  injury,  a  new  phenomenon  appears,  which  is  specially  easily  observed 
in  the  capillaries  of  the  tongue  of  the  rabbit  and  dog,  owing  to  their  peculiar 
distribution.  The  redness  lessens  in  the  parts  a  little  removed  from  the  wound, 
but  increases  in  its  margins.  The  capillaries  in  the  immediate  neighbourhood 
of  the  wound  and  the  arteries  which  supply  them  dilate  very  greatly  (Fig.  327). 
It  would  almost  seem  that,  according  to  the  first  histo-mechanical  principle,  the 
dilatation  of  the  vessels,  which  occurs  as  a  local  circulatory  disturbance,  is  alone 
the  cause  of  this  phenomenon.     It  might  be  supposed  that  the  dilatation  of  the 
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vessels  increased  the  rate  of  flow  of  the  blood,  and  this,  according  to  the  first 
histo-mechanical  principle,  produced  active  growth  of  the  capillary  wall. 

It  must  be  remembered,  however,  that  the  injury  figured  in  Fig.  327  could 
not  be  treated  aseptically.  This  explains  the  large  accumulation  of  fibrino- 
purulent  discharge  (a,  a),  the  necrosis  of  the  superficial  layers  of  the  margins 
of  the  wound  (&,  h),  and  also  the  fairly  large  accumulation  of  emigrated  multi- 
nucleated leucocytes  which  can  be  seen  under  a  high  power  in  the  margins  of  the 
wound.      The  emigration  indicates  a  previous  slowing  of  the  stream,  and  occurs 

The  slowing  of  the  stream  is  due  to  the 


within  half  an  hour  of  the  injury. 


-\.-^ 


Pig.  327. — Area  where  tissue  has  been  removed  from  the  dorsum  of  a  frog's  tongue  seventy-five  hours  after  the 
injury.  The  blood-vessels  of  the  tongue  were  injected  with  Berlin  blue  and  gelatine,  o,  a.  Discharge  from 
the  wound  ;  I,  6,  zone  of  necrosed  tissue,     x  24. 


fact  that  the  great  dilatation  of  the  arteries  in  the  margin  of  the  wound,  which 
is  present  in  the  early  stage,  is  somewhat  lessened  subsecjuently,  while  the  veins 
and  capillaries  remain  comparatively  dilated.  Further  causes  are  the  obstruc- 
tion of  the  lumen  of  the  capillaries  and  veins  by  leucocytes  which  have  adhered 
to  their  walls,  and  the  increase  of  the  permeability  of  the  walls.  This  was 
fully  described  in  discussing  emigration.  Although,  in  spite  of  this,  the  stream 
is  accelerated  in  some  of  the  capillaries,  as  may  sometimes  be  seen  distinctly  in 
living  preparations,  still  this  fact  cannot  be  the  cause  of  a  process  which  occurs 
so  regularly  and  so  invariably,  since  it  is  to  a  certain  extent  an  exception  to  the 
usual  condition  of  the  blood-stream. 

In  considering  the  question  from  the  histo-mechanical  point  of  view,  we 
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must  therefore  assume  that  the  relation  between  the  rate  of  flow  of  the  stream  and 
the  groivth  of  the  vessel  wall  is  altered.  The  alteration  in  the  capillaries  in  the 
margins  of  the  wound  is  not  limited  to  an  increase  in  the  permeability  of  their 
walls.  The  ratio  between  the  rate  of  flow  of  the  stream  and  the  growth  of  the 
capillary  wall  is  also  changed.  The  standard  rate  of  flow  at  which  growth  of 
the  vessel  wall  ceases  and  the  vessel  becomes  smaller  is  lowered.^  The  wall  of 
the  vessel  responds  by  active  growth  to  a  comparatively  slow  rate  of  flow. 

This  active  growth  is  chiefly  manifested  by  dilatation  of  the  capillaries  in 
the  margins  of  the  Avound,  which  at  first  retain  their  characteristic  arrangement 
(Fig.  327).  It  will  be  assumed,  at  the  same  time,  that  the  amount  of  blood 
flowing  through  the  dilated  capillaries  and  the  arteries  which  supply  them  is 
increased.  The  rate  of  flow  in  the  arteries  increases,  therefore,  and  they  be- 
come dilated.  This  produces  a  rise  of  pressure  in  the  capillaries,  and  thus,  in 
accordance  with  the  third  histo-mechanical  principle,  the  formation  of  new 
capillaries  is  begun.  The  rise  of  pressure  in  the  capillaries  is  all  the  greater 
because  they  are  greatly  dilated.  The  dilatation  of  the  capillaries  is  much 
greater  than  that  of  the  arteries,  as  may  be  seen  from  injected  specimens.  It 
can  therefore  be  also  understood  that  the  rate  of  flow  in  the  capillaries  may  be 
decreased  in  spite  of  the  increased  amount  of  blood  which  flows  through  them. 
The  continued  emigration  of  leucocytes  proves  that  the  rate  of  flow  in  the 
capillaries  is  less  than  normal,  since  this  always  implies  previous  slowing  of 
the  stream.  As  has  already  been  mentioned,  when  the  stream  slows  the 
growth  of  the  vessel  ceases,  and  the  lumen  will  have  the  same  diameter  in  all 
parts  of  the  granulation  tissue  which  are  of  the  same  age. 

The  new  formation  of  capillaries,  due  to  the  rise  in  pressure  in  those 
already  present,  can  be  seen  at  some  points  in  the  vascular  network  in  Fig. 
327,  where  buds  and  loops  of  new  vessels  are  making  their  way  toward  the 
injured  part.  Since,  however,  new  channels  are  thus  provided  for  the  blood 
by  the  new  capillaries,  the  quantity  of  blood  flowing  and  rate  of  the  stream  in 
the  arteries  become  less.     The  series  of  processes  just  described  is  repeated 

^  This  law  may  he  difficult  to  understand.  It  has  been  found  that  the  growth  of  a  vessel  ceases 
and  the  lumen  diminishes  when  the  rate  of  flow  of  the  blood  falls  below  a  certain  limit,  whereas,  if 
the  rate  of  flow  exceeds  this  limit  or  standard,  the  vessel  wall  grows  and  its  lumen  dilates.  If,  in 
the  following  scheme,  the  abscissa  (re)  measures  the  rate  of  flow,  and  the  ordinate  (?/)  the  rate  of 
gro\vth  of  the  diameter  of  the  vessel,  the  curve  b,  h,  gives  fairly  accurately  the  relations  of  the  two 
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Fig.  32S.— Scheme. 


values  under  normal  circumstances.  The  curve  a,  a,  on  the  other  hand,  gives  the  relations  which 
exist  in  the  capillaries  in  the  margins  of  the  wound.  In  this  case  a  slight  increase  in  the  rate  of 
flow  (x)  corresponds  to  considerable  increase  in  the  rate  of  growth  of  the  vessel  (y),  and  the  standard 
rate  of  flow  {x)  at  which  the  curve  of  growth  runs  horizontally,  and  growth  is  therefore  stationary,  has 
become  shorter. 
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until  a  dense  network  of  vessels  is  formed  in  the  floor  and  margins  of  the  part 
from  which  the  tissue  has  been  removed  (Fig.  329).  Within  this  network  the 
vessels  which  are  chiefly  selected  by  the  stream  of  blood  become  changed  into 
arteries  and  veins,  exactly  in  the  same  manner  as  in  the  area  vasculosa  of  the 
chick,  since  the  histo-mechanical  principles  hold  good  for  this  process  also, 
even  although  the  standard  rate  of  flow  in  the  first  histo-mechanical  principle 
has  been  altered.  The  tree -like  arrangement  of  the  branches  of  the  small 
newly -formed  arteries  determines  the  shape  of  the  connective  tissue  masses 
which  are  produced  between  their  capillaries.  They  appear  as  small,  bright  red 
elevations  or  granulations,  which  may  be  seen  on  the  floor  and  in  the  margins  of 
the  wound,  so  soon  as  the  necrotic  zone  (Fig.  327,  h,  V)  is  separated  by  the  lique- 
faction of  the  parts  "which  abut  on  the  granulations. 

The  processes  which  take  place  when  part  of  the  mucous  membrane  of  the 
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Fig.  329. — Blood-vessels  of  the  granulation  and  cicatricial  tissue  in  the  floor  of  an  injury  whicli  had  caused  a 
loss  of  tissue  in  the  tongue  of  a  dog.  <jt,  Blood-vessels  of  the  granulation  tissue  ;  nh,  blood-vessels  of  the 
young  cicatricial  tissue  ;  ins,  blood-vessels  of  the  muscles  of  the  tongue.  The  arteries  may  be  recognised 
by  their  greater  tortuosity.  The  veins  appear  comparatively  wide,  because  the  jugular  vein  was  tied 
shortly  before  the  injection  witji  Berlin  blue  was  completed.    Six  days  after  injury,     x  104. 

palate  of  the  dog  is  removed  are  somewhat  different  in  the  early  stages.  This 
mucous  membrane,  which  in  many  particulars  resembles  the  human  skin  in 
structure,  has  not  the  same  great  development  of  capillaries  that  has  just  been 
described  as  present  in  the  muscles  of  the  tongue.  In  the  floor  of  the  wound, 
therefore,  there  are  comparatively  few  blood-vessels.  These  multiply  in  a  way 
similar  to  those  of  the  tongue  (Fig.  330),  by  giving  rise  to  small  loops  of  vessels 
which,  by  further  growth  and  fresh  formation  of  capillaries,  produce  a  network 
similar  to  that  represented  in  Fig.  329. 

In  this  case,  however,  the  new  formation  of  capillaries  may  be  observed 
with    comparative    ease.      Between    the    newly -formed  capillaries    (Fig.   330) 
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young  connective  tissue  cells  are  found,  some  of  which  show  karyokinesis. 
The  origin  of  such  cells  cannot  be  demonstrated  with  any  degree  of  certainty. 
It  does  not  appear  improbable  that  they  are  derived  from  the  endothelium  of 
the  newly-formed  capillaries  between  which  they  are  situated.  The  presence 
of  karyokinetic  figures  in  the  endothelial  cells  of  the  capillaries,  and  their 
arrangement  into  something  like  an  adventitia,  would  seem  to  support  this 
view.  There  is  still  a  second  origin  possible  for  young  connective  tissue 
growth.  The  fibrillar  connective  tissue  of  the  mucous  membrane  between  the 
vessels  (Fig.  330)  is  very  rich  in  connective  tissue  cells,  some  of  which  are 
undero;oino;  indirect  nuclear  division. 

It  may  therefore  be  assumed  that  the  regeneration  of  the  connective 
tissue,  i.e.  the  new  formation  of  granulation  tissue,  proceeds  from  the  walls  of 
the  vessels  as  well  as  from  the  pre-existing  fixed  connective  tissue  cells.     On 


Fig.  330.— Floor  of  an  ulcer  resulting  from  loss  of  substance  of  the  mucous  membrane  of  the  dog's  palate.  «, 
Exudation  ;  b,  granulation  tissue  ;  c,  c,  c,  blood-vessels  which  have  formed  tufts  in  the  floor  of  the  wound  ; 
d,  d,  growing  connective  tissue  layers  of  the  mucous  membrane  between  them,    x  310. 

the  Other  hand,  the  numerous  uni-  and  multi-nucleated  leucocytes  which  are 
present  in  great  numbers,  especially  near  the  surface  of  the  wound,  show  no 
transition  to  young  connective  tissue  cells.  They  may  be  regarded  as 
emigrated  or  wandering  cells  which  have  come  from  the  vessels.  Some  of 
them  pass  out  on  to  the  surface  of  the  wound,  along  with  the  exudation  ;  others 
break  down  in  the  tissues  and  are  taken  up,  or  eaten  up,  by  the  young 
connective  tissue  cells. 

The  further  development  of  these  new  growths,  which  are  termed  granula- 
tion tissue,  fills  up  the  place  of  the  lost  tissue  (Fig.  331).  The  part  is 
afterwards  covered  by  skin.  The  growing  rete  Malpighi  pushes  forward  from 
the  margins  of  the  Avound  and  covers  the  surface  of  the  granulation  tissue. 
The  superficial  strata  of  this  ej)ithelial  covering  afterwards  become  horny  and 
form  an  epidermal  layer,  which  can  be  distinguished  in  Fig.  331  by  its  light  colour. 
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In  the  meantime,  further  changes  are  taking  place  in  the  granulation  tissue. 
In  Fig.  331  the  more  darkly  shaded  part  of  the  connective  tissue  almost 
corresponds  to  the  original  site  of  the  tissue  which  had  been  removed.  "While 
the  still  uncovered  granulations,  f,  are  characterised  by  the  great  numbers  of 
vessels  and  nerves  they  contain,  the  vessels  and  cells  in  the  parts  Avhich  are 
situated  deeply  beneath  the  granulations,  and  in  the  part  of  the  preparation 
which  is  covered  by  epithelium,  diminish  somewhat  rapidly.  This  decrease  in 
the  cells  is  probably  only  relative,  and  is  due  to  the  development  of  large 
quantities  of  fibrillar  intercellular  substance.  In  any  case,  a  large  amount  of 
fibrillar  and  homogeneous  intercellular  substance  may  be  observed,  and  the 
granulation  tissue  thus  becomes  young  ciaitricial  tissue.  This  is  composed  of 
interlacing  bundles  of  connective  tissue  fibrillfe,  on  whose  upper  surface  lie  flat 
connective  tissue  cells,  and  of  blood-vessels  with  more  or  less  well-developed 
adventitia.  This  adventitia,  which  is  probably  derived  from  the  endothelium 
of  the  blood-vessels,  is  usually  much  more  marked  round  about  the  capillaries 
of  the  granulation  and  cicatricial  tissue  of  chronic  ulcers  on  the  leg  (Fig.  332). 
It  may  be  that  the  high  pressure  in  the  vessels  of  the  leg  (see  p.  228)  is 
the  cause  of  this  appearance.     In  any  case,  this  peculiarity  also  suggests  the 


Fig.  331. — Granulating  ulcer  from  the  mucous  membrane  of  the  dog.    The  epithelium  is  beginning  to  grow  over. 
a,  Rete  Malpighi ;  h,  epidermis  ;  c,  granulation  tissue  ;  d,  fibrino-purulent  discharge  from  the  wound.    x21. 


double  origin  of  cicatricial  tissue,  from  the  endothelium  of  the  vessels  and  from 
the  connective  tissue  cells. 

The  diminution  of  the  number  of  vessels  in  the  granulation  tissue  when  it 
becomes  young  cicatricial  tissue  is  of  special  interest.  This  is  distinctly  seen 
in  Figs.  331  and  329.  It  seems,  like  the  decrease  in  the  cells,  to  be  partly 
the  simple  result  of  the  secretion  of  an  intercellular  substance  wliich  separates 
not  only  the  cells,  but  the  capillaries  also.  The  cicatricial  tissue,  however, 
loses  so  much  of  its  vascularity,  that  we  are  forced  to  assume  that  there  is  a 
retrogressive  change  in  some  of  the  newly-formal  vessels. 

As  regards  the  histology  of  this  retrogressive  process,  I  may  point  out  that, 
according  to  my  researches  on  the  area  vasculosa  of  the  chick,  the  same  series 
of  events  is  gone  through  when  the  vessels  are  diminishing  as  when  they  were 
increasing,  but  in  reverse  order.  This  result  may  be  looked  upon  as  only 
approximately  correct,  since  the  investigations  are  not  yet  completed.  The 
histo-mechanical  aspect  of  the  problem,  on  the  other  hand,  can  be  easily  settled 
by  reference  to  what  has  already  been  stated.  The  retrogression  of  the  vessels 
of  the  young  connective  tissue  is  due  simply  to  the  fact  that  the  standard  rate 
of  flow  at  which  the  growth  of  the  vessels  ceases  and  diminution  begins,  is 
again  at  its  original  height,  i.e.   is  raised.     All  the  histo-mechanical  processes 
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already  described  are  gone  through  in  reverse  series.  The  capillaries  are 
narrowed  and  some  of  the  newly-formed  connective  tissue  disappears,  although 
the  capillary  network  as  a  whole  maintains  the  character  of  a  regularly 
formed  system. 

If  we  compare  the  new  formation  of  tissue  at  parts  where  there  has  been 
loss  of  substance  with  the  healing  process  in  a  simple  incised  wound,  it  will  be 
seen  that  they  are  very  similar.  One  important  difference  is  that  much  less 
newly-formed  tissue  is  necessary  in  the  healing  of  an  incised  wound  whose 
margins  have  been  closely  apposed.  The  healing  process  is  therefore  much 
shorter.  If,  on  the  other  hand,  the  margins  of  an  incised  wound  are  allowed 
to  gape,  granulations  form  in  the  same  way  as  after  the  destruction  of  a  piece 
of  tissue. 

The  formation  of  new  tissue  in  incised  wounds  or  after  loss  of  substance 
may  be  regarded  as  an  outcome  of  the  power  of  regeneration  possessed  in 
varying  degree  by  all  living  organisms.  It  ought  to  be  pointed  out  here, 
however,  that  the  relation  between  nutrition,  function,  and  new  formation  of 
the  tissues,  which  was  first  stated  by  Virchow,  and  has  already  been  mentioned 
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Fig.  332.— From  a  chronic  ulcer  on  the  leg  in  man.  A,  Slightly  cedematous  granulation  tissue,  showing  a 
capillary,  numerous  young  connective  tissue  cells  with  commencing  fibrillation,  a  multinucleated  leu- 
cocyte and  one  with  a  horse-shoe-shaped  nucleus.  J3,  Young  cicatricial  tissue,  connective  tissue  cells, 
and  connective  tissue  bundles  of  fibrillse.  Longitudinal  section  of  a  capillary  with  thick  adventitia. 
A  multinucleated  leucocyte,    x  670. 


in  the  general  account  of  the  disturbances  of  nutrition,  also  exercises  a  deter- 
mining influence  in  this  process.  We  learn  from  experience  that  active  new- 
formation  of  tissue  ceases  as  soon  as  the  defect  in  the  tissues  is  filled  up.  It 
also  appears  that  the  direction  of  the  fibres  of  the  cicatricial  tissue  is  always 
adapted  to  the  prevailing  pull  or  tension  which  acts  upon  it.  Under  ordinary 
circumstances  it  may  be  assumed  that  it  is  the  function  of  the  tissue  which 
determines  how  much  new  tissue  shall  be  found.  The  granulations  in  the 
base  of  the  wound  in  the  skin  grow,  as  a  rule,  until  they  reach  the  level  of  the 
surface  of  the  skin.  They  then  become  covered  by  skin,  and  the  further 
histological  changes  are  confined  to  an  alteration  of  the  previously  formed 
tissue  which  fits  it  for  the  function  required. 

Two  exceptions  to  this  rule  must  be  mentioned.  We  learn  from  obser- 
vation that  the  granulations  may  grow  in  excess  and  project  beyond  the 
surface  of  the  skin  {caw  luxurians).  This  condition  is  observed  either  when  dead 
foreign  bodies  (bullets,  shreds  of  clothing,  etc.)  are  present  within  suppurating 
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wounds,  and  keep  up  the  suppuration  and  a  marked  degree  of  hypercemia  of 
the  vessels,  or  when  microbes,  the  tubercle  bacillus  more  especially,  act  in 
similar  fashion.  Granulation  or  cicatricial  tissue  may  also  undergo  tumour- 
like growth  (keloid).  Satisfactory  reasons  for  such  occurrences  cannot  be  given 
at  present.  We  can  only  state  the  fact  that  in  this  case  the  growth  of  tissue 
exceeds  the  limits  which  are  fixed  under  ordinary  circumstances  by  the 
relations  between  nutrition,  new  formation,  and  function  of  the  tissues  ;  that,  in 
other  words,  the  new  formation  of  the  tissue  is  to  a  certain  extent  independent 
of  the  laws  which  govern  the  parts  on  which  it  grew.  After  some  time  the 
cicatricial  tissue  which  has  closed  a  wound  may  come  to  resemble  the  normal 
tissue  about  it  so  completely,  that  it  may  be  more  or  less  difficult  to  recognise 
the  site  of  the  injury.     This  occurs  especially  in  small  incised  wounds  whose 

In    cases    where    a    large    amount    of 


margins  have  been  carefully  apposed. 


Fig.  333.— Gangrene  of  the  foot  from  frost-bite,  with  line  of  demarcation. 


cicatricial  tissue  is  required  to  fill  up  an  incised  wound,  or  the  space  left  by 
destruction  of  tissue,  cicatricial  contraction  appears.  The  cells  and  blood-vessels 
of  the  young  cicatrix  undergo  further  diminution,  and  the  intercellular  sub- 
stance shows  slow  but  very  strong  contraction.  After  the  loss  of  large  areas 
of  tissue  this  occurs  before  the  epithelium  grows  over  to  form  a  skin,  and  tends 
to  bring  the  margins  of  the  wound  together  and  thus  to  hasten  the  closing  of 
wound.  On  the  other  hand,  the  contraction  of  the  cicatrix  frequently  causes 
great  deformity  of  the  parts,  whether  it  occurs  before  or  after  the  skin  has 
grown  over  the  wound.  In  extensive  burns  and  scalds  the  skin  necroses 
and  is  sloughed  off  over  large  areas.  The  loss  of  tissue  is  healed  by  new 
foi'mation  of  granulation  and  cicatricial  tissue  and  by  the  growth  of  young 
epidermis.  The  contraction  of  the  scar  in  these  cases  is  very  considerable  and 
produces  great  deformity,  especially  in  the  extremities,  since  the  tense 
cicatricial  tissue  may  fix  the  limb  in  strong  flexion  or  extension.     If,  in  such 
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cases,  the  contraction  occurs  before  the  wound  is  completely  covered  over  by 
epithelium,  it  can  be  seen  clearly  that  the  formation  of  new  tissue,  and 
therefore  the  process  of  healing,  is  much  delayed. 

New  formation  of  granulation  and  cicatricial  tissue  accompanies  very  many 
diseases  of  the  internal  organs,  the  granulation  tissue  being  distinguished 
frequently  by  the  great  number  of  uni-  and  multi-nucleated  lymphoid  cells  it 
contains.  In  these  cases,  also,  considerable  contraction  of  the  scar  usually 
occurs  and  greatly  impairs  the  function  of  the  organ.  This  is  a  condition 
which  recurs  frequently  in  these  organs,  and  will  therefore  be  often  referred  to 
in  the  special  part  of  this  work. 

Lastly,  it  may  be  mentioned  here  that  the  occurrence  of  suppuration 
greatly  delays  the  healing  of  a  wound.  This  is  due  to  the  fact  that  the 
chemical  action  of  the  pus  always  causes  a  varying  amount  of  necrosis  in  the 
margins  of  the  wound.  This  necrosis  of  the  superficial  part  of  the  granulation 
tissue  is  only  arrested  when  the  granulations  have  been  rendered  very  highly 
vascular  by  the  action  of  the  pus.  The  copious  supply  of  nutrient  fluids  with 
bactericidal  properties  weakens  the  action  of  the  pus,  so  that  healing  of  the 
wound  is  possible  notwithstanding  this  action. 

In  this  case,  however,  the  healing  is  always  preceded  by  sloiigMng  of  the 
necrotic  parts — that  is,  by  demar cation.  This  takes  place  by  liquefaction  of 
the  necrotic  parts  adjoining  the  granulations  (Fig.  327).  It  is  probable  that 
this  liquefaction  is  produced  by  unformed  ferments  pre-existing  in  the  tissues. 
The  bacteria  of  suppuration  also  appear  to  be  able  to  produce  these  enzymes. 
Similar  liquefaction  occurs  in  extensive  necrosis  of  tissue  due  to  any  other  cause. 
Fig.  333  illustrates  such  a  line  of  demarcation  in  a  frost-bitten  foot.  The 
portion  of  the  foot  which  has  died  is  blackish-gray  in  colour.  The  necrotic  part 
is  separated  by  a  deep  groove  from  the  living  tissue.  This  groove  is  lined  by 
granulations,  is  irregularly  formed,  and  extends  deeply  into  the  tissues.  When 
no  complications  are  present,  it  brings  about  complete  sepai'ation  of  the  necrotic 
from  the  living  parts.  The  groove  is  produced  by  liquefaction  of  the  necrosed 
part  at  its  junction  with  the  granulations. 
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(e)  Neoplasia  and  Metaplasia  of  Adipose,  Mucoid,  Cartilaginous,  and  Osseous  Tissues 

The  connective  tissue  group  includes  a  further  series  of  tissue  formations  oi' 
progressive  metamorphoses,  for  which  a  comparatively  simple  descri^Dtion  will 
suffice. 

New  forniatimh  of  fat  has  already  been  mentioned  in  the  consideration  of 
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lipomatosis  or  adiposity.  There  it  was  regarded  in  relation  to  disturbance 
of  metabolism,  either  general  or  when  limited  to  single  organs.  It  also  occurs 
independently  as  a  tumour,  lipoma. 

Normal  subcutaneous  fatty  tissue  is  developed  in  groups  of  round  and 
polyhedral  cells,  arranged  in  grape-like  clusters  and  provided  with  numerous 
capillaries.  The  protoplasm  of  the  cells  is  coarsely  granular.  According  to 
the  investigations  of  Altmann  and  Metzner,  the  fat  is  first  deposited  as  small 
rings  or  thin  spheres  round  the  granules  contained  in  the  protoplasm  of  the 
cell.  It  then  flows  together,  first  forming  small,  then  large  drops,  which  distend 
the  body  of  the  cell  like  a  bladder. 

The  same  histogenetic  process  is  observed  in  pathological  new  formation  of 
fatty  tissue  (Fig.  334).  The  granular  connective  tissue  cells,  either  rounded 
in  form,  or  polyhedral  from  compression  of  surrounding  tissues,  in  which  the 
fat  is  deposited,  are  generally  found  in  the  vicinity  of  large  or  small  blood- 
vessels. They  have  the  characters  of  Waldeyer's  plasma  cells  of  the  connective 
tissue.  By  multiplication  of  these  cells  and  the  deposit  of  fat  within  them, 
small  and  large  clusters  of  fat  cells  are  formed  and  sometimes  large  masses  of 


Fig.  334. — Forinatiou  of  new  fatty  tissue,    c,  c,  c,  Capillaries  ;  /,  /,  /,  fat  cells.    From  a  fibroma  lipomatodes 

of  the  subcutaneous  cellular  tissue.    x750. 


fatty  tissue.  According  to  Flemming's  investigations,  the  flat  connective  tissue 
cells  may  also  be  transformed  into  fat  cells  by  storing  up  fat. 

(a)  New  formation  of  mucoid  tissue  takes  place  in  many  cases  by  a  primary 
formation  of  granulation  tissue  which  is  gradually  transformed  not  into  connec- 
tive but  into  mucoid  tissue.  These  transformations  can  be  easily  understood  if 
the  typical  mucoid  structui'e  of  a  myxoma,  as  it  appears  in  Fig.  335,  is  com- 
pared with  the  granulation  of  a  chronic  ulcer  on  the  leg,  which  is  slightly 
cedematous  as  the  result  of  general  or  local  circulatory  disturbance  (Fig.  332). 
A  moderate  increase  of  the  homogeneous  intercellular  substance  of  the  granula- 
tion tissue  and  of  the  mucin  it  contains  would  be  sufficient  to  convert  it  into 
myxomatou.s  tissue. 

ih)  In  other  cases  myxomatous  tissue  may  arise  by  metaplasia,  as  Avhen 
connective  tissue  is  converted  into  myxomatous  tissue  by  the  development  of  a  large 
quantity  of  homogeneous  intercellular  substance  containing  mucin.  Fatty  tissue 
also  is  freque7itly  transformed  into  myxomatous  tissue.  The  fat  and  fat  cells 
disappear,  and  the  tissue  which  remains  assumes  the  character  of  the  soft, 
semi-fluid  intercellular  substance  of  mucoid  tissue  (Fig.  336). 

Pathological  new  foiination  of  cartilage  arises  either  from  connective  tissue  or 
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from  pre-existing  cartilage.     Groups  of  young  cells,  with  a  large  amount  of 


Fig.  335. — Myxomatous  tissue.    In  the  middle  is  a  capillary  the  adventitia  of  which  is  formed  from  mucoid 
tissue.    From  a  myxoma  of  the  subcutaneous  cellular  tissue,    x  570. 

protoplasm,  are  found  in  the  connective  tissue,  and  these  afterwards  secrete  a 
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Fig.  336. — Myxomatous  tissue  iu  process  of  formation  by  metaplasia  from  epicardial  fatty  tissue,  x  600. 

hyaline  cartilaginous  intercellular  substance.     This  is  observed  more  esjDecially 
during  the  healing  of  a  fracture  in  the  j^eriosteum  of  the  broken  bone  and  in 
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its  neighbourhood  (Bajardi,  KrafFt,  Kassowitz).  Schleicher,  G.  Schwalbe  and 
Sieveking  have  further  demonstrated  that  cartilage  cells  divide  under  normal 
and  pathological  conditions,  and  can  originate  new  intercellular  substance. 

The  processes  of  metaplasia  are  of  great  importance  for  the  origin  and 
growth  of  cartilaginous  tissue.  This  is  not  only  observed  in  the  perichondrium 
of  normal  gro%ving  cartilage  (G.  Schwalbe,  Sieveking),  but  may  also  be  demon- 
strated in  the  regeneration  after  loss  of  substance  in  cartilage,  and  also  in  the 
formation  of  cartilaginous  tumours.  While  the  perichondrium  is  actively 
growing,  its  fibrillar  intercellular  substance  becomes  gradually  converted  into 
the  hyaline  intercellular  substance  of  cartilage,  and,  at  the  same  time,  the 
connective  tissue  cells  of  the  perichondrium  are  changed  into  cartilage  cells 
(Fig.  337). 

In  enchondromata  these  processes  are  found  in  the  connective  tissue  septa 
which  penetrate  the  tumour.     It  must  be  mentioned,  however,  that  the  peri- 
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Pig.  337. — Metaplasia  of  connective  tissue  into  cartilage.    «,  Connective" tissue,  containing  a  transverse  section 
of  a  vessel ;  6,  stellate  cells  in  cartilage.    From  an  enchondroma  on  a  phalanx  of  a  finger,    x  600. 

chondrial  connective  tissue  shows  the  same  gradual  transition  into  cartilaginous 
tissue,  even  although  cartilage  does  not  continue  to  be  formed.  No  conclusion, 
therefore,  can  be  drawn  from  the  position  of  the  cells  as  to  the  order  in  which 
they  develop.  The  microscopical  appearances  are  only  of  importance  as  a  proof 
of  metaplasia  if,  at  the  same  time,  the  cartilage  can  be  otherwise  distinctly 
shown  to  be  increasing  in  bulk.  The  presence  of  mitosis  in  such  cases  would 
help  to  make  the  proof  complete. 

Fig.  337  will  explain  the  metaplasia  between  cartilaginous  and  myxomatous 
tissues.  In  this  figure  the  star-shaped  branching  form  of  the  cells  is  unusual. 
The  intercellular  substance  is  relatively  soft  and  has  more  mucin,  but  otherwise 
shows  all  the  macroscopical  character  of  the  intercellular  substance  of  cartilage. 
It  has  the  consistence,  the  opalescent,  semi-translucent  appearance,  and  the 
elasticity.  Obviously,  a  further  increase  in  the  water  and  mucin  of  the 
intercellular  substance,  with  the  presence  of  a  few  fibrils,  would  suffice  to 
convert  the  tissue  into  mucoid  tissue. 

Pathological   new  formation   of    osseous   and   osteoid   tissue   has   been    very 
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thoroughly  investigated  because  of  its  important  bearing  on  the  healing  of 
fracture  of  bone.  It  was  found  that  both  the  neoplastic  and  metaplastic  types 
frequently  occurred. 

Osseous  tissue  arises  by  metaplasia  either  from  connective  tissue  or  from 
cartilage  by  a  corresponding  change  in  the  shape  of  the  cells  and  intercellular 
tissue,  and  by  a  large  deposit  of  lime-salts  in  the  latter.  In  the  healing  of 
fractures  a  large  quantity  of  cartilaginous  tissue  is  first  formed  (the  car- 
tilaginous callus).  This  arises  from  the  periosteum,  the  bone -marrow,  and 
also,  perhaps,  from  the  neighbouring  soft  parts,  and  forms  the  first  union  of  the 
fracture.  This  is  true  of  the  mammalia  generally  used  for  experiment,  the  dog 
and  rabbit,  and  also  of  the  healing  of  fractured  bones  in  children  (Kasso^vitz). 

Further  investigations  into  the  healing  of  fractures  of  bone  in  the  adult  are 
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Pig.  338. — Fracture  of  a  bone  in  a  dog.    Vascularisation  of  the  cartilaginous  callus,    o,  Cartilaginous  tissue ; 
6,  osteoid  tissue,  partially  calcified.    The  vessels  were  injected  with  Berlin  blue  and  gelatine.    xll5. 


greatly  to  be  desired.  In  this  case  there  is,  as  a  rule,  only  a  slight  formation 
of  cartilage,  and  this  rapidly  changes  into  the  osteoid  tissue  which  will  shortly 
be  described.  In  adult  human  bones  it  is  only  when  the  fractured  ends  touch, 
but  are  imperfectly  fixed,  so  that  they  undergo  much  change  of  position,  that  a 
large  quantity  of  cartilaginous  tissue  is  developed  at  the  site  of  the  fi-acture. 
In  the  further  course  of  healing  of  a  fracture  the  cartilaginous  callus  becomes 
vasctdarised  by  the  invasion  of  a  large  number  of  capillary  loops  (Fig.  338). 
These  capillary  loops,  in  regard  to  their  formation,  have  many  points  in 
common  with  the  capillaries  of  granulation  tissue.  This  is  seen  most  distinctly 
in  the  examination  of  injected  preparations  in  somewhat  thick  sections,  in  which 
the  connections  of  the  branches  are  better  preserved  (Fig.  339). 

Here,  also,  the  rapidly  growing  vessels  are  of  large  calibre,  so  that  the  same 
histo-mechanical  explanation  might  be  repeated  here,  as  was  given  in  connection 
with  the  granulation  tissue  of  wounds.    As  the  cartilage  becomes  vascular,  it  is 
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changed  first  into  osteoid   and  then  into  osseous  tissue 

assume  a  jagged  outline,  and  the  intercellular  tissue  becomes  highly  refractile 


The  cartilage  cells 


Fio.  339. — Fracture  of  a  bone.     Looped  terminatious  of  the  blood-vessels  which  have  penetrated  the 
cartilaginous  callus,    a,  a,  a,  Arteries;  v,  v,  v,  veins.    x85. 

(Fig.  340).  By  this  means  the  tissue  described  by  Virchow  as  osteoid  is  formed. 
It  differs  from  osseous  tissue  in  the  absence  of  lime-salts,  and  from  cartilage  in 
the  jagged  outline  of  its  cells  and  the  opaque  highly  refractile  character  of  its 
intercellular  substance.    By  the  deposition  of  lime-salts,  the  osteoid  tissue  becomes 


Fig.  340. — Cartilage  undergoing  transition  into  bone. 
«,  Cartilaginous  ;  6,  osteoid  tissue,   x  400. 


Fio.  341. — Osteoid  tissue,  from  an  osteoid  tumour 
of  the  femur  in  man,  undergoing  transition 
into  bone,  a.  Osteoid ;  6,  osseous  tissue,   x  400. 


osseous  (Fig.  341).     This  osseous  tissue,  formed  from  cartilage,  at  first  either 

shows  no  lamellar  arrangement,  or,  if  present,  it  is  very  imperfect  and  irregular. 

The  typical  lamellar  structure  of  bone  is  seen  at  an  early  date  and  in  a  very 

complete  condition,  when  the  tissue  has  been  formed  by  a  neoplastic  process,  by 
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means  of  the  so-called  osteoblasts.     In  the  recesses  formed  by  the  invading 
blood-vessels,    a    soft   tissue,  closely  resembling   young   medulla   of   bone,   is 


Fio.  342. — Neoplastic  formation  of  bone,    o,  Osseous  tissue  formed  by  metaplasia  ;  6,  osseous  tissue  formed  by 
neoplasia  ;  c,  osteoblasts  ;  d,  young  osseous  tissue  with  two  capillaries,    x  400. 

produced,  while  the  remainder  of  the  cartilage  becomes  osteoid  and  osseous 
tissue.  A  considerable  number  of  large  rounded  cells,  the  osteoblasts,  are 
found  here  in  addition  to  smaller  cells,  some  of  which  are  branched.  These 
osteoblasts  are  perhaps  derived  from  the  cartilage  cells,  or  perhaps  from  the 


Pig.  343. — Bone  undergoing  absorption  by  means  of  giant  cells.  From  an  osseous  tumour  of  the  lower  jaw. 
The  trabeculse  in  the  bone  are  bordered  by  rows  of  osteoblasts  and  some  giant  cells.  The  latter  are  lying 
in  the  lacunse  formed  in  the  bone  by  absorption.    xlS3. 

elements  of  the  wall  of  the  blood-vessels.  They  immediately  range  themselves 
round  the  margins  of  the  recesses  made  by  the  blood-vessels  in  a  manner  which 
almost  suggests  an  epithelium.     There  they  secrete  a  homogeneous,  intercellular 
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substance  which  soon  takes  up  lime -salts.  In  this  manner  the  concentric, 
laminated  layers  of  bone  arise.  This  process  may  be  called  the  neoplastic 
formation  of  bone,  replacing  cartilaginous,  osteoid,  or  osseous  tissue  which  has 
arisen  by  metaplasia. 

Osseous  tissue  is  formed  from  connective  tissue  in  the  same  manner.  A 
series  of  osteoblasts  are  formed  round  about  the  blood-channels,  and  these,  by 
the  secretion  of  intercellular  substance  containing  lime-salts,  give  rise  to  lamellar 
osseous  tissue. 

A  review  of  these  processes  shows  that  pathological  and  physiological  new 
formation  of  bone  agree  in  all  essential  points,  as  has  been  demonstrated  by 
the  researches  of  Virchow,  Miiller,  Gegenbaur,  Kolliker,  StrelzofF,  v.  Eisner, 
Langer  and  Kassowitz.  It  must,  however,  be  mentioned  here  that  new 
formation  of  bone  is  always  associated  with  partial  absorption  of  the  new  osseous 
tissue.  The  mechanical  causes  which  determine  this  process  of  absorption  will 
be  more  completely  discussed  in  the  consideration  of  fractures  of  hone.  It  is, 
however,  desirable  to  note  here  that  this  absorption  is  also  effected  in 
pathological  conditions  by  giant  cells,  the  osteoclasts  of  Kolliker.  Rounded 
indentations  and  lacunae  (Howship's  lacunae)  are  formed  on  the  surface  of  the 
bone,  and  within  these  the  giant  cells  are  found  in  greater  or  less  number  (Fig. 
343).  By  the  increase  and  confluence  of  the  lacunae  a  very  considerable 
amount  of  bone  is  often  reabsorbed. 
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(f)  New  Formation  of  Muscle  and  Nerve 

{a)  The  researches  of  Kolliker,  Forster,  and  others  had  led  to  the  conclusion 
that  neio  formation  of  non-striated  muscle  may,  under  certain  conditions,  take  place 
by  the  transformation  of  the  young  cells  of  connective  or  granulation  tissue 
into  non-striated  muscle  fibres.  The  investigations  of  Neumann  have  caused 
this  view  to  be  almost  completely  given  up.  In  my  opinion  it  contains  a  fact, 
however,  which  should  not  be  completely  overlooked — that  is,  the  occurrence  of 
numerous  rounded  formative  cells  in  rapidly-growing  myomata  of  the  uterus 
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which  may  possibly  be  concerned  in  the  new  formation  of  the  non-striated  muscle. 
This  would  be  a  new  formation  of  non-striated  muscle  developed  in  the  same 
manner  as  in  the  embryo. 

The  observations  on  regenerative  pathological  new  formation  of  non-striated 
muscle  are  of  comparatively  recent  date.  Jakimovitsch,  Stilling  and  Pfitzner, 
Busachi,  Ritschl  and  Poggi  produced  wounds  and  localised  destruction  of 
tissue  in  the  muscular  coat  of  the  stomach  and  uterus  in  cold  and  warm-blooded 
animals,  and  afterwards  closely  studied  the  healing  process.  By  these  means 
it  Avas  found  that  the  wounds  were  closed  1)y  a  new  formation  of  cicatricial 
tissue,  and  that  a  very  limited  regeneration  of  non-striated  muscle  occurred  at 
the  same  time.  The  nuclei  of  the  muscle  fibres  at  the  margins  of  the  wound 
showed  karyokinesis,  folloAved  by  transverse  division  of  the  cell  of  the  muscle 
fibres. 

{/>)  Pathological  new  formation  of  striped  muscle  has  been  studied  more 
particularly  in  injuries  to  muscle  arising  from  external  causes  or  spontaneous 
ruptiu-e,  and  especially  in  typhoid  (see  vitreous  degeneration  of  muscle,  p.  389). 
The  discoveries  and  opinions  on  this  subject  have  been  conflicting,  but  the 
theory  that  striped  muscle  could  originate  in  connective  tissue  cells  cannot  be 
maintained.  The  general  conclusion  of  the  investigation  may  be  briefly  stated 
here,  viz.  that  striped  muscle  can  only  arise  from  striped  muscle. 

The  most  important  investigations  on  this  point  are  those  of  Zenker, 
Colberg,  Waldeyer,  Weber,  Neumann,  Peremeschko,  Kraske,  Leven,  Zaborowski, 
W.  Felix,  Nauwerk,  Robert,  Barfurth,  Ivirby  and  Rud.  Volkmann.  From  these 
it  may  be  learned  that  many  discoveries  have  been  made,  in  the  study  of  regenera- 
tion of  muscle  after  injury,  which  will  be  explained  here  as  briefly  as  possible. 
Progressive  metamorphosis  of  striped  muscle  begins  with  a  multiplication  by 
Jcaryomitosis  of  the  nuclei  idtliin  the  sarcolemma.  But.  the  increase  in  nuclei  does 
not  prove  that  a  new  formation  of  muscle  fibres  is  beginning.  Proliferation  of 
the  muscle  nuclei  is  also  observed  in  atrophy  of  muscle  (Erb,  Friedreich,  Zahn), 
and  after  division  of  nerves  (Bizzozero  and  Golgi)  or  tendons  (Kraus). 

In  regeneration  of  muscle,  however,  a  new  formation  of  cell  protoplasm 
follows  the  multiplication  of  the  nuclei.  This  is  most  easily  traced  in  the 
regeneration  of  muscle  in  typhoid,  when  the  muscle  has  been  ruptured  or  has 
undergone  vitreous  degeneration.  An  outgrowth  of  the  torn  portion  of  the 
sarcolemma  contents  is  here  observed  (Fig.  344,  A),  and  between  the  hyaline 
lumps,  produced  by  the  splitting  of  the  muscle,  masses  of  protoplasm  appear 
showing  many  nuclei,  and  in  some  places  an  indication  of  striation  (Fig.  344, 
B).  These  are  partly  in  connection  with  the  growing  end  of  the  intact 
portion  of  the  torn  muscle,  but  as  a  rule  such  a  connection  cannot  be 
demonstrated.  The  possibility  must  not  be  forgotten  that  nuclear  and  proto- 
plasmic material  with  the  power  of  proliferation  may  still  be  j^resent  in  the 
disintegrated  portions  which  have  become  hyaline.  While  the  growing  proto- 
plasmic areas  are  extending,  the  hyaline  masses  become  gradually  absorbed, 
and  in  this  way  a  new  muscle  fibre  is  formed  (Fig.  344,  C,  D).  These 
discoveries,  together  with  some  others  which  will  be  mentioned  later,  were 
made  by  0.  Weber  and  Neumann  in  the  study  of  the  regeneration  of  muscle. 
Neumann,  however,  was  the  first  to  recognise  their  proper  significance  when  he 
styled  the  process  "  miiscle  budding."  Later  authors  have  made  similar  obser- 
vations, but  my  own  results  agree  most  completely  with  those  made  by  R. 
Volkmann  under  the  direction  of  Marchand. 

The  budding  of  muscle  (which  is  accurately  represented  in  Fig.  344,  A) 
may  be  described  as  a  process  which  has  its  physiological  analogue  in  the 
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peculiar  growth  in  length  of  muscle  fibres  which  W.  Felix  discovered  in  the 
three  months'  human  embiyo.  Here,  also,  several  rows  of  nuclei  are  found 
placed  transversely,  while  the  end  of  the  fibre  increases  in  length.  The  other 
protoplasmic  growths  which  are  represented  in  Fig.  344  are  more  like 
embryonic  new  formation,  although  many  differences  still  remain  which  may 
be  explained  by  the  peculiarities  of  the  pathological  disturbances.  These 
discoveries  are  borne  out  by  the  fact  that,  after  an  injury  to  muscle  which 
heals  by  formation  of  a  cicatrix,  a  portion  of  the  nucleated  protoplasm  escapes 
from  the  torn  tube  of  sarcolemma  into  the  cicatrix  and  is  there  transformed 
into  multinucleated,  spindle,  or  ribbon-shaped  cells,  partly  striated.  The 
majority  of  these  are  destroyed,  apparently  by  the  pressure  of  the  contracting 


Fig.  344.— Regeneration  of  striped  muscle  after  rupture  and  vitreous  degeneration.  From  a  case  of  typhoid 
fever.  A,  Outgrowth  of  the  uninjured  portion  of  the  ruptured  muscle  fibre  ;  B,  C,  portions  of  protoplasm, 
showing  striation  in  parts,  between  the  irregular  masses  of  hyaline  substance  ;  C,  D,  disappearance  of  the 
hyaline  substance  and  regeneration  of  the  contents  of  the  sarcolemma ;  £,  regeneration  after  incomplete 
rupture  of  the  contents  of  the  sarcolemma  ;  m,  the  part  of  the  original  contents  of  the  sarcolemma  which 
was  not  degenerated  now  forming  the  starting-point  of  the  regeneration  ;  h,  the  part  of  the  original  contents 
of  the  sarcolemma  which  had  undergone  hyaline,  vitreous  degeneration  ;  ii,  new-formed  muscle,    x  130. 

scar.  The  appearance  of  a  tube  of  sarcolemma  filled  with  numerous  cells, 
called  the  mu&d&  cell  tube  by  Waldeyer  and  0.  Weber,  is  occasionally  seen. 
These  cells  are  apparently  produced  by  proliferation  of  the  contents  of  the 
sarcolemma  in  many  cases,  and  may  also  participate  in  regeneration. 

The  muscle  cell  tube  which  is  formed  by  the  invasion  of  the  sarcolemma 
tube  by  a  large  number  of  exudation  cells  has  quite  another  significance.  This 
occurs  more  especially  in  suppuration  in  muscle,  but  has  no  relation  to  its  new 
formation,  and  the  invasion  of  the  sarcolemma  tube  by  young  connective  tissue 
cells  or  fibroblasts  must  be  placed  in  the  same  category.      Lastly,  in  many 


504  REGENERATION  OF  NERVES 

tumours  muscle  cell  tubes  may  be  observed,  into  tbe  sarcolemma  of  which  the 
cellular  elements  of  malignant  tumours,  especially  of  sarcomata,  have  passed. 
This  process  does  not  lead  to  new  formation  of  muscle,  but  to  an  enlargement 
of  the  malignant  tumour. 

There  are  radical  differences  between  the  central  and  the  peripheral  nervous 
system  as  far  as  concerns  progressive  tissue  metamorphosis.  In  the  human 
being  the  peripheral  nervous  system  is  capable  of  almost  complete  regeneration 
after  an  injury,  whereas,  in  the  central  nervous  system,  regeneration  is  com- 
pletely or  nearly  completely  absent.  In  animals  regeneration  and  restoration 
of  function  after  injury  to  the  central  nervous  system  have  been  repeatedly 
observed. 

H.  Midler,  Masius  and  van  Lair,  Caporaso  and  Barfurth  succeeded  in 
demonstrating  the  regeneration  of  portions  removed  from  the  spinal  cord  of 
tritons,  lizards,  and  frogs,  and  thus  confirmed  the  positive  results  which  Brown- 
S^quard  and  Voit  had  obtained  in  pigeons.  Eichhorst  and  Naunyn  found  that 
there  was  partial  regeneration  at  least  of  th^  nervous  elements  of  the  spinal 
cord  of  the  newly-born  dog  and  rabbit,  after  transverse  section  or  transverse 
crushing  at  the  junction  of  the  dorsal  and  lumbar  portions.  In  adult  dogs, 
however,  regeneration  of  the  nervous  tissue  does  not  take  place  under  these  cir- 
cumstances (SchiefFerdecker).  Mondino,  Coen,  Friedmann,  and  Sanarelli  found 
karyokinetic  figures  in  the  ganglion  cells  and  neuroglia  of  adult  warm-blooded 
animals  after  injury  to  the  brain,  but  regenerative  new  formation  of  nervous 
elements  could  not  be  demonstrated. 

It  is  well  known  that  areas  of  softening  form  in  the  human  brain  as  the 
result  of  embolism  or  haemorrhage  and  leave  behind  a  cavity  filled  with  fluid. 
After  some  time  has  elapsed,  the  walls  of  such  cavities  show  a  zone  of 
proliferated  neuroglia  and  connective  tissue  thickening  of  the  processes  of  pia 
mater.  There  is,  however,  no  regeneration  of  the  nervous  elements  which  were 
destroyed.  Neither  does  it  appear  in  the  transverse  crushing  of  the  spinal 
cord,  such  as  occurs  commonly  in  dislocation  of  the  vertebrte,  nor  in  the  healing 
of  stab  and  gun-shot  wounds  of  the  human  brain  (E.  Ziegler,  von  Kahlden). 

The  only  well-authenticated  example  of  progressive  metamorphosis  of  the 
nervous  elements  of  the  central  nervous  system  is  given  by  Klebs.  He  has 
described  a  tumour  of  the  central  nervous  system  which  consisted  of  pro- 
liferated neuroglia,  newly-formed  nerve  fibres  and  ganglion  cells.  I  have,  along 
with  N.  SokolofT,  examined  similar  tumours,  but  could  not  convince  myself  that 
the  views  of  Klebs  were  correct.  Nerve  fibres  and  ganglion  cells  were 
abundantly  found,  but  the  topographical  investigation  showed  that  we  had  to 
deal  with  an  enclosed  fragment  of  the  original  tissue,  not  with  newly-formed 
nervous  elements. 

Further  investigations  as  to  the  regeneration  of  ganglia  and  ganglion  cells 
must  be  awaited,  since  the  results  of  Dupuys  and  Dupuytren,  and  Valentin  on  this 
point  have  as  yet  only  been  confirmed  in  the  larvte  of  amphibiae  by  Barfurth. 

Concerning  the  neio  formation  of  pieripheral  nerves,  on  the  other  hand, 
pathology  can  sujDply  accurate  observations.  These  mostly  relate  to  the 
processes  of  regeneration  which  occur  after  section,  compression  and  other 
destruction  of  peripheral  nerves.  Degenerative  processes  always  precede  those 
regenerations. 

In  1839  Nasse  demonstrated  that  peripheral  nerves  were  subject  to 
degeneration  when  their  connection  with  the  central  nervous  system  was 
interrupted.     This  fact,  which   was  afterwards  confirmed    by  Waller,  Budge, 
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Bruch,  and  others,  is  one  of  the  fundamental  laws  of  the  physiology  and 
pathology  of  the  nervous  system.  This  degeneration  essentially  consists  of  a 
breaking-up  of  the  myeline  sheaths  and  axis  cylinders,  while  Schwann's  sheath, 
with  its  nuclei,  is  preserved  (Lent,  0.  Hjelt,  Hertz,  B.  Benecke).  The  myeline 
sheath  undergoes  the  so-called  coagulation  of  the  myeline  and  divides  into 
drop-like  fragments  (Fig.  345).  The  axis  cylinder  breaks  up  into  short 
fragments,  and  at  the  same  time  the  cells  of  the  sheath  of  Schwann  begin  to 
proliferate  (Lent,  Neumann,  B.  Benecke,  v.  Biingner). 

In  the  sheath  of  Schwann  the  proliferating  cells  are  found  embedded  in  a 
homogeneous  substance  produced  by  the  de- 
generation of  the  medullary  sheaths  and 
axis  cylinders  (Eichhorst,  Tizzoni,  S.  Mayer, 
v.  Biingner),  and  as  a  rule  some  remains  of 
the  drops  of  myeline  are  still  present. 

These  degenerative  processes  occur  both 
at  the  peripheral  and  the  central  ends  of  a 
nerve  which  has  been  divided  or  compressed. 
The  extent  of  the  change  is  not  the  same  in 
both  ends,  however,  since  the  nutrition  of 
the  nerve  fibres  depends  upon  their  connec- 
tion with  their  so-called  trophic  centres. 

The  trophic  centres  for  the  sensory 
nerves  are  found  in  the  ganglion  cells  of  the 
spinal  ganglia;  those  for  the  motor  nerves  and 
many  vaso-motor  nerves  in  the  ganglion  cells 
of  the  anterior  horn  of  the  cord.  The  gan- 
glion cells  of  the  peripheral  ganglia  also  act 
as  trophic  centres.  Waller's  experiments 
have  shown,  accordingly,  that,  after  division 
of  a  spinal  nerve  distally  to  its  spinal 
ganglion,  the  whole  of  its  distal  portion 
degenerates  right  down  to  the  peripheral 
sensory  and  motor  end  organs.  According 
to  Erb,  Tizzoni,  and  Neumann  the  degenera- 
tion begins  at  the  point  of  section  and 
progresses  centrifugally,  Krause,  on  the 
other  hand,  concluded  that  the  degeneration 
begins  at  the  periphery  and  extends  centri- 
petally  to  the  point  where  the  nerve  was 
divided.  The  question  whether  the  sensory 
and  motor  end  organs,  i.e.  taste  bulbs, 
retinal  elements,  olfactory  nerve  endings,  and 
motor  end  plates,  are  affected,  cannot  as  yet 
be  fully  answered. 

On  the  other  hand,  if  the  posterior  root  of  a  spinal  nerve  be  destroyed 
between  the  cord  and  the  ganglion  of  the  nerve,  it  is  the  end  connected  with 
the  cord  and  its  continuation  in  the  posterior  columns  which  degenerates, 
because  the  trophic  centre  for  these  nerves  is  in  the  spinal  ganglion. 

All  these  results  may  be  comprehended  in  the  following  statement : — 
Portions  of  nerves  ivhich  are  separated  from  their  trophic  centres  undergo  the 
degeneration  lohich  has  been  described  above  throughout  their  entire  length. 

The  peripheral  end  of  a  nerve  which  has  been  divided  does  not  entirely 


Fig.  345. — Degeneration  of  nerve  fibres  after 
section.  /,  Normal  nerve  fibres ;  //  and 
III,  different  degrees  of  degeneration ;  S, 
sheath  of  Schwann  ;  m,  medullary  sheath  ; 
A,  axis  cylinder ;  k,  nucleus  of  the  sheath 
of  Schwann  ;  L,  Lantermann's  notch  in  the 
medullary  sheath  ;  R,  node  of  Kanvier  ;  int, 
drops  of  myeline ;  a,  remains  of  the  axis 
cylinder  ;  w,  proliferated  cells  of  the  sheath 
of  Schwann.    Partly  schematic,  X476. 
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escape  degeneration,  however,  although  it  is  in  connection  Avith  its  trophic 
centre.  This  degeneration  of  the  proximal  end  only  extends  to  the  next  node 
of  Ranvier  in  each  nerve  fibre,  if  suppuration  does  not  supervene  on  the 
injury  and  cause  greater  destruction.  In  the  proximal  ends  of  nerves  after 
amputations  which  preclude  any  restoration  of  the  function  of  the  nerve,  some, 
at  least,  of  the  nerve  fibres  become  smaller,  or  undergo  atrophy,  which  is 
associated  with  proliferation  of  the  cells  in  the  nerve -sheaths  (F.  Krause  and 
Friedlander).  The  fibres  which  atrophy  are  exclusively  sensory,  and  are  those 
in  connection  with  the  special  nerve-endings  in  the  skin.     This  fact  agrees 

perfectly  with  the  ascending  atrophy  of  the 
optic  nerve  which  occurs  after  the  eye  has 
been  removed  (Purtscher). 

Immediately  after  division  of  a  peripheral 
nerve,  its  excitability  to  external,  chemical, 
electrical,  and  mechanical  stimuli  is  increased, 
while  its  normal  function  is  suspended  by  the 
interruption  of  the  nerve  conduction.  De- 
ll ,j\  generation  develops  very  rapidly,  however, 
and  the  excitability  of  the  nerve  then  dis- 
appears. It  may  happen  in  such  a  case  that 
new  nerve  connections  are  made  Avith  the 
part.  Philipeau  and  Yulpian  thus  found  that 
the  muscles  of  the  tongue  were  partly  in- 
nervated by  the  lingual  after  division  of  the 
hypoglossal  nerve,  and  pathologists  have 
observed  many  analogous  cases,  although 
these  may  not  be  so  clearly  proved. 

The  regeneration  of  the  degenerated  nerves 
takes  place  in  the  first  place  by  the  formation 
of  a  connection  between  the  central  and 
peripheral  ends  of  the  divided  nerves  by 
means  of  young  connective  tissue.  Subse- 
quently, in  the  course  of  weeks  or  months, 
new  nerves  form  within  the  connecting  tissue 
and  in  the  peripheral  branches  of  a  nerve,  by 
means  of  Avhich  its  function  may  be  com- 
pletely restored. 

Opinions  as  to  the  details  of  this  regenera- 
tion of  nerves  are  still  at  variance.  ]\Iany 
observers,  such  as  Neumann,  Eichhorst,  v. 
Biingner,  think  that  this  regeneration  does 


Fig.  340. — Forward  growth  of  the  axis  cylin- 
ders in  the  central  end  of  a  nerve  which 
has  been  divided.  S,  Schwann's  sheath  ; 
111,  medullary  sheath  ;  A,  axis  cylinder  of 
the  undegenerated  part  of  the  nerve  ;  A", 
newly-formed  axis  cylinder ;  k,  nucleus 
of  Schwann's  sheath ;  IF,  w,  proliferated 
cells  of  Schwann's  sheath  ;  vit,  drops  of 
myeline.  A  schematic  drawing  founded 
on  an  illustration  by  Eichhorst,  X  476. 


not  proceed  from  the  central  end  of  the 
divided  nerve  only,  but  also  from  the  con- 
tents or  the  cells  of  the  sheaths  of  Schwann  in  the  degenerated  area.  Most 
investigators,  however,  agree  with  the  opinion  originally  advanced  by  "Waller, 
that  the  regeneration  takes  jjlace  hy  means  of  an  outgrowth  of  the  axis  cylinders 
of  the  central  end.  These  axis  cylinders  shoot  out  into  the  young  cicatricial 
tissue  which  unites  the  two  ends  of  the  divided  nerve  (Fig.  346).  They  fre- 
quently divide  into  two  or  three  fine  fibres — a  fact  which  can  be  understood 
when  it  is  remembered  that  the  normal  axis  cylinder  consists  of  very  numerous 
fine  fibres,  united  by  a  homogeneous  substance  (Kupffer). 

If  the  distance  which  separates  the  central  and  the  peripheral  ends  of  the 
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nerve  is  not  too  great,  the  majority,  at  least,  of  the  growing  axis  cylinders 
reach  the  peripheral  end  and  push  their  way  into  the  sheaths  of  Schwann, 
which  are  filled  with  the  products  of  degeneration,  and  also  into  the  spaces  of 
the  connective  tissue  enveloping  the  peripheral  end  of  the  nerve,  i.e.  into  the 
spaces  of  the  endoneurium  and  perineurium.  These  spaces  provide  ready- 
prepared  paths  for  the  growing  axis  cylinders,  leading  them  to  the  peripheral  end 
organs.  New  medullary  sheaths  afterwards  form  round  the  nerves,  and  the 
young  nerve  fibres  which  are  not  already  situated  within  the  sheaths  of 
Schwann  are  provided  with  new  ones  from  the  connective  tissue. 

These  views  regarding  the  processes  of  regeneration  are  supported  by  the 
evidence  of  numerous  careful  observers.  They  also  agree  perfectly  with  the 
fact  that,  in  normal  development,  the  axis  cylinders  are  formed  as  long  processes 
from  the  ganglion  cells.  They  are  also  confirmed  to  a  certain  extent  by  the 
interesting  experiments  of  Vanlair.  This  author  succeeded  in  inserting  tubes 
of  decalcified  bone  between  the  two  ends  of  a  divided  nerve.  The  axis 
cylinders  which  shot  forward  were  found,  not  only  in  the  central  cavity  of  the 
tubes,  but  also  in  the  Haversian  canals,  and  in  spaces  which  had  formed  in  the 
walls  of  the  tubes.  I  have  observed  a  similar  case.  After  amputation  of  an 
extremity  the  axis  cylinders  shoot  forward  from  the  end  of  the  nerves  into 
the  young  connective  tissue  which  closes  the  wound,  and  in  this  situation  form, 
along  with  the  cicatricial  tissue,  tumour-like  masses,  the  so-called  amputation 
neuromata.  In  one  case,  I  observed  that  a  bundle  of  actively  growing  axis 
cylinders  had  also  penetrated  into  an  artery,  obliterated  by  newly-formed 
connective  tissue,  which  was  situated  near  the  nerve.  The  axis  cylinders 
could  be  traced  clearly  for  more  than  a  centimetre  within  this  artery.  The 
strong  forward  growth  of  the  axis  cylinders  of  the  central  end  of  a  divided 
nerve  is  thus  a  fact  which  cannot  be  disputed.  The  only  doubtful  point  is 
whether  other  tissue  elements  may  not  be  present  in  the  degenerated  peripheral 
portion  of  a  divided  nerve,  and  may,  at  the  same  time,  take  part  in  the 
regeneration.     New  investigations  are  required  to  decide  this  question. 
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SECTION  III 
COMBINED  FOEMS  OF  DISEASE 

CHAPTER    X 

PATHOLOGICAL   CONDITIONS   AND    INFLAJVIMATION    OF   ORGANS 

The  diseases  of  the  human  body  are,  in  general,  to  be  regarded  as  processes 
made  up  in  manifold  variety  of  the  elementary  pathological  conditions 
described  in  the  previous  chapters — that  is,  of  general  and  local  disturbances  of 
circulation  and  of  progressive  and  retrogressive  changes  in  nutrition  of  the 
tissues.  This  applies  to  the  diseases  of  the  separate  organs  and  systems  of 
organs  as  well  as  to  general  diseases. 

Temporary  disturbances  of  circulation  sometimes  run  their  course  without 
any  noticeable  disturbance  of  tissue  nutrition.  On  the  other  hand,  there  is  a 
series  of  disturbances  of  tissue  nutrition  which  occurs  in  many  cases,  at  least, 
without  apparent  disturbance  of  circulation.  These  are  more  especially  retro- 
gressive tissue  metamorphoses.  In  proportion,  however,  as  the  methods  of 
investigation  become  more  perfect,  the  number  of  those  diseases  which  can  be 
described  as  pure  forms  of  elementary  disturbance,  as  pure  disturbance  of 
nutrition  and  circulation,  becomes  reduced.  The  histo-mechanical  relations, 
already  described,  between  the  rate,  pressure,  and  volume  of  blood  flowing 
through  the  capillary  channels,  on  the  one  hand,  and  the  behaviour  of  the 
tissues  surrounding  the  blood-stream  on  the  other,  make  it  very  probable  that 
pure  disturbances  of  nutrition  certainly  do  not  occur,  since  these  always  destroy 
the  histo-mechanical  relations  between  the  blood-stream  and  the  tissues.  In 
the  same  manner  it  would  appear  that  every  disturbance  of  circulation  involves 
an  alteration  in  the  relations  of  the  nutrition  of  the  tissues.  As  long,  however, 
as  no  conclusive  results  on  this  point  are  to  be  had,  the  existing  divisions  may 
be  maintained  and  there  may  be  distinguished  : — 

(a)  Simple  circulatory  disturbances. 

(b)  Simple  nutritive  disturbances. 

(c)  Inflammations. 

(d)  Tumour-like  new  growths. 

The  tumour-like  new  growths  demand  a  separate  description,  since  they 
have  the  characters  of  new  tissue  formation  which,  within  certain  limits,  are 
autonomous  and  independent  of  the  laws  which  govern  the  tissue  wherein  they 
lie.  The  processes  described  as  inflammation,  however,  are  mainly,  if  not 
entirely,  those  combined  pathological  conditions  of  the  organs  which  are  made 
up  of  circulatory  and  nutritive  disturbances. 
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The  theory  of  inflammation  is  of  such  great  importance  for  pathology  that  a 
thorough  consideration  must  be  here  given  to  it. 

The  theory  of  inflammation  takes  us  back  to  the  Eoman  authors,  Aulus 
Cornelius  Celsus  (30  B.C.  to  50  A.d.)  and  Claudius  Galenus  (130  to  201  A.D.) 
With  them  originated  the  statement  of  the  four  cardinal  symptoms  of  inflamma- 
tion— color,  rubor,  tumor,  dolor  {heat,  redness,  swelling,  pain). 

According  to  Galen,  inflammation  begins  with  heat  (calor).  This  results  in 
an  influx  of  the  body  fluids  (Affluxus,  PJieuma,  pev/Ma),  which  is  manifested 
externally  as  redness  and  swelling  (rubor,  tumor),  and  lastly,  causes ^am  (dolor).  A 
fifth  cardinal  symptom  was  afterwards  added,  the  functio  Icesa,  or  loss  of  function 
from  inflammation. 

These  four  or  five  cardinal  symptoms  recur  with  great  regularity  in  certain 
suppurations  which  come  on  after  injuries  or  infections  of  the  superficial  areas 
of  the  soft  parts  or  skin.  Cause  and  effect  seemed  to  be  clear  here.  It  was 
thought  to  be  proved  that  the  apparently  reliable  results  obtained  in  in- 
flammations of  the  skin  might  be  applied  by  analogy  to  internal  lesions.  These 
were  described,  for  the  most  part,  as  inflammations.  A  thorough  comprehension 
of  pathological  processes  was  certainly  not  thus  attained.  The  idea  of  in- 
flammation lost,  by  repeated  inferences  from  analogy,  the  original  distinct 
significance  given  to  it  by  the  four  cardinal  symptoms.  It  had  to  be  allowed 
that  one  or  other  of  the  cardinal  symptoms  might  be  absent,  and  finally, 
inflammation  was  even  spoken  of  when  none  of  the  four  or  five  cardinal 
symptoms  were  present. 

This  was  a  result  of  the  obscurity  which  surrounded  the  idea  expressed  by 
the  word  inflammation.  Attempts  were  not  Avanting  to  remove  this  obscurity 
by  trying  to  ascertain  more  exactly  the  nature  of  the  inflammatory  process  in 
its  anatomical  aspect.  Hermann  Boerhaave  (1668-1738)  was  the  first  whose 
attempts  were  of  any  real  importance.  He  thought  that  inflammation  con- 
sisted of  a  stagnation,  an  arrest  of  the  blood  in  the  area  of  inflammation — that 
is,  a  circulatory  disturbance,  such  as  we  would  call  stasis,  and  in  the  further  con- 
sequences of  this  stasis.  The  theories  of  Magendie  and  Poiseuille,  Cruveilhier, 
Eisenmann  and  Briicke  and  von  Henle  agreed  with  the  doctrine  of  Boerhaave. 
They  all  aimed  at  explaining  the  occurrence  of  the  stasis,  and  thus,  at  the  same 
time,  the  nature  of  inflammation.  Those  theories  Avill  not  be  dealt  with 
more  fully  here,  as  they  are  founded  partly  on  unproven  suppositions,  and 
partly  on  physical  errors.  It  is  also  to  be  noted  that  the  hypothesis  of  a  stasis 
does  not  explain  either  the  cardinal  symptoms  of  inflammation  of  the  superficial 
parts  of  the  body  or  the  many  other  pathological  conditions  of  the  internal 
organs  which  were  called  inflammations. 

Virchow  was  the  first  to  appreciate  these  difficulties  in  their  full  extent,  and 
therefore  directed  attention  to  the  behaviour  of  the  tissues  surrounding  the 
blood-vessels.  He  looked  upon  inflammation  as  the  result  of  an  irritation  Avhich 
acted  on  the  tissue  cells  and  stimulated  them  to  abnormal  activity  in  their 
nutritive,  formative,  and  functional  relations.  He  did  not,  of  course,  at  all  deny 
the  occurrence  of  circulatory  disturbances,  but  relegated  them  to  a  subordinate 
place  in  inflammation,  regarding  it  as  the  result  of  the  disturbances  which  were 
carried  out  in  the  tissues.  Suppuration  especially,  which  was  at  that  time 
regarded  as  the  highest  degree  of  inflammation,  he  regarded  as  originating,  not 
in  the  blood,  but  in  the  fixed  cells  of  the  tissue.  These  generated  the  pus  cells 
by  nuclear  division  and  proliferation.  Virchow  further  regarded  many  al- 
buminous and  fatty  degenerations  of  the  protoplasm  as  inflammatory  changes, 
which  he  regarded  as  the  consequence  of  the  action  of  the  irritation. 
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Virchow's  views  have  given  rise  to  a  minute  study  of  pathological  changes 
in  structure  in  the  tissues.  His  works  have  laid  the  foundation  of  the  science 
of  pathology,  and  have  led  the  way  towards  a  thorough  reform  in  pathological 
anatomy.  He  did  not  give  a  clear  definition  of  inflammation,  however,  and 
could  not  give  it,  because,  according  to  his  opinions,  no  marked  line  can  be 
drawn  between  inflammatory  and  non- inflammatory  pathological  processes 
themselves  on  the  one  hand,  and  normal  processes  on  the  other,  but  they  all 
really  obey  the  same  laws. 

One  of  the  important  points  in  Virchow's  theory  of  inflammation,  the 
formation  of  pus  cells  from  the  fixed  cells  of  the  tissues,  was  arrived  at  through 
erroneously  interpreted  observations.  When  Recklinghausen  made  known  the 
wandering  cells  of  the  tissues,  and  Cohnheim  observed  their  emigration  from 
the  blood-vessels,  and  hence  the  origin  of  suppuration,  a  revulsion  of  opinion 
took  place,  and  local  circulatory  disturbance  was  again  declared  to  be  the  essential 
characteristic  of  inflammation.  The  emigration  of  the  white  corpuscles  took 
the  place  of  stasis.  Cohnheim  explained,  this  as  the  result  of  an  alteration  in  the 
wall  of  the  capillary,  which,  accordingly,  represented  the  first  and  most  important 
inflammatory  change. 

This  theory  also  became  untenable  after  its  first  striking  success,  since  the 
researches  of  Biitschli,  Auerbach,  Flemming,  J.  Arnold  and  others  placed 
within  reach  the  means  for  the  demonstration  of  progressive  metamorphosis  in 
the  fixed  cells  of  the  tissue.  The  demonstration  of  cell  division  which  Virchow 
had  failed  to  give  Avas  most  completely  established  in  so-called  inflammatory 
processes.  It  also  appeared  that  slight  slowing  of  the  blood- stream  in  the 
capillaries  and  veins  gives  rise  to  emigration  under  all  circumstances.  If  it  is 
added  to  this,  that  most  circulatory  disturbances  of  any  duration  are  followed 
by  an  alteration  in  the  capillary  walls,  in  the  way  suggested  by  Cohnheim — 
that  is,  by  an  increase  in  their  permeability,  such  as  has  already  been  considered 
in  detail  in  the  chapter  on  circulatory  disturbances — it  will  be  seen  that  Cohn- 
heim's  theory  of  inflammation  is  untenable. 

To  obtain  a  proper  idea  of  inflammation,  it  must  be  described  as  a  local 
lesion  formed  hy  the  combination  of  the  phenomena  of  circulatory  disturbances  and  pro- 
gressive and  retrogressive  tissue  metamorphosis. 

I  have  developed  this  idea  more  at  length  elsewhere  in  a  short  paper.  I 
might,  however,  point  out  the  difficulty  that,  in  this  case,  nearly  all  pathological 
conditions  of  organs  might  be  called  inflammations.  Practically,  this  has 
frequently  occurred.  There  are  very  few  organic  diseases  which  have  not 
been  described  as  inflammations.  The  expression  that  this  or  that  is  an 
inflammation  is  therefore  of  little  practical  worth,  since  only  a  few  diseases 
can  be  excluded.  Not  much  more  has  been  expressed  than  the  assertion 
that  this  or  that  process  is  a  pathological  one.  Further,  it  appears  that  the 
doctrine  of  inflammation  retires  more  and  more  into  the  background  in  propor- 
tion as  the  advance  of  our  knowledge  discloses  the  actual  etiological  connection 
of  the  phenomena. 

The  cloudy  swelling  and  fatty  degeneration  of  the  liver,  kidney,  and  heart- 
muscle  which  occur  in  many  acute  and  chronic  infections  and  toxic  conditions, 
are,  for  this  reason,  no  longer  described  as  inflammations,  since  it  is  apparent 
that  these  processes  are  the  result  of  a  general  disturbance  of  metabolism. 
Many  varieties  of  chronic  inflammation  of  the  spinal  cord  are  really  sclerosis 
of  the  columns,  as  is  proved  by  their  relation  to  primary  disturbance  of  function, 
and  by  atrophy  of  the  long  nerve  tracts  of  this  organ.  The  inflammation  of 
the  internal  arterial  wall,  endarteriitis  chronica  nodosa  sive  deformans,  is  seen  to  be 
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a  simple  consequence  of  the  disturbance  of  the  histo-mechanical  relations  be- 
tween the  rate  of  flow  of  the  blood-stream  and  the  nutrition  of  the  vessel  wall, 
brought  about  by  passive  dilatation  of  the  vessel. 

The  doctrine  of  inflammation  is  the  first  attempt  made,  to  any  large  extent, 
to  trace  pathological  processes  back  to  their  laws  of  causation,  and  to  dis- 
tinguish between  cause  and  efl"ect  in  the  manifold  variations  of  pathological 
phenomena. 

The  pathologist  of  the  present  day  is  therefore  called  upon  to  do  away 
with  the  doctrine  of  inflammation,  and  to  replace  it  by  one  in  more  complete 
accordance  with  our  knowledge.  The  external  causes  of  disease,  traumatism, 
toxic  agents,  infections,  have  already  been  comparatively  thoroughly  worked 
out,  as  far  as  concerns  their  consequences.  The  examination  of  the  internal 
causes  of  disease  offers  greater  diflSculties,  but  the  pathology  of  the  spinal  cord 
and  vascular  system  already  shows  somewhat  more  than  elementary  results. 
In  the  article  which  I  have  already  mentioned,  I  proposed  to  allow  the  idea 
of  inflammation  to  drop  completely,  and  there  expressed  the  following  reasons 
for  doing  so. 

I.  There  is  no  prospect  of  arriving  at  a  unity  of  opinion  as  to  the  definition 
of  inflammation,  and  such  a  unity  is  necessary  if  the  doctrine  of  inflammation 
is  to  become  one  of  the  fundamental  truths  of  pathology. 

II.  The  expression  inflammation  is,  under  all  circumstances,  so  general  and 
ill-defined  that  it  is  almost  identical  with  that  of  local  disease,  and  is  therefore, 
as  a  rule,  of  no  practical  significance. 

III.  The  doctrine  of  inflammation,  since  it  comprehends  numerous  patho- 
logical conditions,  brings  in  many  facts  which  are  only  reached  by  repeated 
arguments  by  analogy,  but  are  not  obtained  from  direct  observation. 

Since  first  I  formulated  these  opinions,  I  have  learned  that  Andral  had 
already,  at  an  earlier  date,  made  the  proposition  that  the  doctrine  of  inflamma- 
tion should  be  allowed  to  drop,  as  he  believed  that  "  through  it  the  language  of 
medicine  was  becoming  indefinite  and  erroneous."  This  consensus  of  opinion 
must  naturally  increase  its  strength.  The  publications  of  other  authors  which 
have  appeared  since  have  only  tended  to  heighten  the  importance  of  ^  the 
position  I  have  taken  up. 

First  among  these  I  may  quote  Neumann.  He  admits  "  it  has  not  been 
possible  to  select  any  process  which  is  constantly  observed  in  all  inflammations, 
and,  on  the  other  hand,  all  the  phenomena  which  appear  in  inflammation  are 
seen  in  other  cases  with  which  inflammation,  according  to  the  general  opinion, 
has  nothing  to  do."  It  is  with  the  greatest  gratification  that  I  note  the  expres- 
sion of  this  opinion  by  the  eminent  pathological  anatomist  of  Konigsberg.  Never- 
theless, in  order  to  maintain  the  doctrine  of  inflammation,  Neumann  formulated 
a  new  theory  in  which  he  regards  the  process  as  one  suited  or  adapted  for  a 
definite  object.  In  his  definition  of  inflammation,  he  stated  "that  we  are  to 
include  under  this  title  the  local  series  of  phenomena  which  appear  after  a 
primary  lesion  of  tissue  (tesio  continui  or  necrosis),  and  whose  aim  is  the  heal- 
ing of  the  lesion." 

This  conception  of  the  process  of  inflammation,  which  closely  approaches 
Pfliiger's  teleological  theory  of  the  structure  and  function  of  the  human  body, 
has  also  been  supported  by  Leber ;  but,  in  my  opinion,  it  is  not  at  all  so  easily 
grasped  as  Ziegler  represents.  Personally,  I  cannot  agree  with  its  most  essential 
element,  but  difl"erent  views  may  be  held  on  this  point.  It  seems  more  important 
that  I  should  point  out  that,  in  many  cases  of  undoubted  inflammation,  the 
laesio  continui  or  necrosis  cannot  be  demonstrated. 
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We    find    that,    meanwhile,    some    other    opinions    had    been    expressed. 
K.  Roser  attempted  to  rescue  the  inflammation  theory  by  placing  the  etiology 
in  the  foreground  and  limiting  the  term  inflammation  exclusively  to  "  the  local 
processes,   due    to  infection    by  micro-organisms."       He   evidently   overlooks 
the  fact  that  the  local  actions  of  infective,  traumatic,  and  toxic  pathological 
agents   are   very  similar,   and   that   a   considerable    amount   of   the   injurious 
action  of   the  bacteria  must  be  ascribed   to   their  toxic   metabolic  products. 
If  we  try  to   extend  Roser's  definition   by  describing   the  local  pathological 
changes,  caused   by  traumatism,   infection,  or  toxic   agents   as   inflammation, 
we  come  into  conflict  with  Roser  himself,  since  he  separates  the  healing  process 
after  simple  injur}^  from  inflammation.     In  this  he  supports  the  attempt  which 
has  newly  been  made  to  distinguish  between  regeneration  and  inflammation,  an 
attempt  which  I  should  like  to  assist  throughout ;  for,  according  to  my  opinion, 
it  is,  as  a  rule,  by  means  of  such  analytical  methods  that  new  points  of  view  are 
reached.     I  have,  therefore,  carefully  refrained  from  simply  describing  traumatic, 
toxic,  and  infective  local  lesions  as  inflammations.     They  are  grouped  together 
in  the  consideration  of  the  etiology  of  disease ;  like  Neumann  and  Leber,  we 
may  state  that  their  aim  is  to  induce  healing.     If  I  had  described  them  simply 
as  inflammation,  I  should  have  presented  a  new  theory  of  inflammation  which 
would  have  had  many  defects.     This  theory  would  have  been  new  in  virtue  of 
its  limitation,  in  spite  of  the  fact  that  the  local  eflects  of  traumatism,  infective 
and  toxic  agents  had  been  previously  presented  as  the  types  of  inflammation, 
for  many  other  things  besides  these  have  been  described  as  inflammation. 

These  theories  resemble,  to  a  certain  extent,-  that  which  Klebs  put  forAvard. 
He  regarded  inflammation  as  "  an  excess  of  the  processes  of  reaction  to  ex- 
ternal causes  of  injury  beyond  the  degree  recjuired."  This  definition  is  even 
more  limited  in  its  scope,  and  is,  moreover,  wanting  in  clearness. 

Lastly,  Ziegler  has  also  taken  up  the  question  in  a  short  paper,  and  has 
arrived  at  the  conclusion  that  inflammation  is  a  local  degeneration  of  tissue, 
combined  with  pathological  exudation  from  the  blood-vessels.     These  conditions 
may  be  observed  in  many  inflammations,  but,  in  other  cases,  it  would  be  difficult 
to  demonstrate  any  degeneration.     Further,  the  position  of  degeneration  is  in 
no  way  equivalent  to  that  of  exudation.     If  the  cornea  be  cauterised  by  touch- 
ing it  with  nitrate  of  silver,  the  ensuing  degeneration  or  necrosis  is  at  once  the 
result  of  the  action  of  the  poison  and  the  cause  of  the  regeneration.      Further, 
a  reactive  circulatory  disturbance  sets  in  with  emigration  and  exudation  from 
the  nutrient  vessels  at  the  corneal  margins,  which  are,  at  least  in  part,  also  a 
consequence  of  the  death  of  the  central  portion.     The  destruction  of  the  tissue 
appears  here  as  cause  of  the  circulatory  disturbance.     The  domain  of  inflamma- 
tion is  an  extensive  one,  however,  and  many  cases  might  be  cited  in  which  the 
conditions  are  reversed,  and  the  circulatory  disturbance  is  the  cause  of  the 
breaking  down  of  the  tissue.     The  old  physicians  would  have  said  the  cauterisa- 
tion was  the  irritant  calling  forth  the  irritatio  and  the  inflammatio.     This,  in 
other  cases,  however,  causes  necrosis  and  assumes  the  character  of  a  necrotic 
inflammation. 

It  can  easily  be  inferred  from  this  account  that  there  is  no  prospect  of  a 
harmony  of  opinion  on  the  subject  of  inflammation.  The  word  has  also  lost  a 
great  deal  of  its  meaning,  since  it  appeared  that  calor,  the  cardinal  symptom 
from  which  it  was  named,  was  only  in  a  few  cases  caused  by  increased  local 
heat  production.  As  Hunter  has  already  shown,  the  heightened  temperature 
in  an  inflamed  area  is  the  result  of  the  great  influx  of  warm  blood.  In  spite 
of  all  efforts,  proof  of  an  increased  heat  production  within  an  inflamed  area  has 
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been  obtained  only  in  a  few  instances  at  most,  or  not  at  all.  This,  in  a  few 
words,  seems  to  me  to  be  the  result  of  the  long  and  careful  investigation 
carried  out  by  Breschet  and  Becquerel,  von  Barensprung,  G.  Zimmerman n,  0. 
AVeber,  Billroth  and  Hufschmidt,  Schroder,  Jacobson  and  Bernhardt  Laudien, 
Schneider,  Mosengeil  and  others. 

As  Virchow  has  pointed  out,  the  heat  of  the  inflamed  part  is  derived  from 
two  sources.  Part  of  the  heat  is  carried  to  the  inflamed  area  by  the  blood,  the 
remainder  is  produced  within  the  inflamed  area  by  metabolic  processes.  We 
may  further  agree  with  Virchow  when  he  assumes  that  the  local  rise  of 
temperature,  brought  about  by  the  great  influx  of  warm  blood,  may  increase 
the  local  metabolic  processes,  and,  through  them,  the  local  heat  production. 
There  is  no  proof  that  this  occurs  invariably,  however,  and  it  is  not  improbable 
that,  in  many  cases,  the  local  disturbances  lessen  the  heat  production.  The 
processes  described  as  inflammations  are  so  varied  that  such  a  possibility  must 
be  taken  into  consideration.  We  must  not  be  deceived  by  the  rise  of  tempera- 
ture in  an  inflamed  area,  for  it  is  quite  possible  that  the  increase  of  heat  brought 
by  the  blood  may  be  sufficient  to  mask  the  deficiency  caused  by  lessened 
production  of  heat  locally. 

Under  these  circumstances,  it  must  be  left  to  the  individual  to  form  his  own 
opinion  on  the  theory  of  inflammation.  According  to  my  own  opinion,  the 
tendency  in  scientific  medicine  is  entirely  towards  the  abandonment  of  this 
doctrine.  This  is  seen  in  the  efforts  made  to  limit  the  idea  of  inflammation 
(K.  Roser,  E.  Ziegler),  and  in  the  fact  that  now  one  and  now  another  patho- 
logical process,  previously  described  as  a  characteristic  inflammation,  receives 
another  interpretation.  A  sudden  revulsion  is  not  to  be  expected  and  is  not 
attempted  here.  It  is  only  in  the  future  that  this  question  will  be  decisively 
answered,  as  etiological  investigation  shoAvs  the  relations  between  the  phenomena 
and  explains  the  differences  in  the  pathological  processes.  Even  now  no  one  is 
satisfied  with  the  explanation  that  this  or  that  is  an  inflammation.  We  are 
much  more  inclined  to  follow  out  the  mechanical  and  chemical  aspects  of  the 
processes  in  the  tissues,  organs,  and  systems  of  organs ;  but,  in  so  doing, 
the  problems  which  present  themselves  for  solution,  and  the  facts  which  are 
ascertained  are  so  manifold,  that  they  do  not  come  within  the  limits  of  the 
doctrine  of  inflammation  proper. 


It  is  chiefly  the  combined  pathological  conditions  of  the  organs  which  have 
been  almost  without  exception  described  as  inflammations.  This  is  expressed, 
in  regard  to  its  terminology,  when  the  affix  "  itis  "  is  added  to  the  root  of  the 
Greek  name  of  the  organ.  Thus,  for  example,  nephritis  means  inflammation  of 
the  kidney,  and  hepatitis  inflammation  of  the  liver.  The  idea  of  inflammation 
is,  however,  so  ill-defined  that  hepatitis  might  be  translated  as  liver  disease  and 
nephritis  as  kidney  disease,  without  depriving  the  term  in  any  way  of  its  real 
meaning.  Hepatitis  is  inflammation  of  the  liver,  but  inflammations  of  the  liver 
show  such  radical  differences  that  an  explanatory  term  must  be  added,  in  order 
that  any  clear  idea  may  be  connected  with  the  word.  For  instance,  hepatitis 
purulenta  may  be  translated  into  purulent  disease  of  the  liver  as  correctly  as 
into  purulent  inflammation  of  the  liver.  The  meaning  is  identical.  A 
minute  and  unprejudiced  examination  Avill  lead  to  the  same  conclusion  in  all 
other  cases. 

Looked  at  in  its  general  aspect,  disease  of  the  organs  may  be,  as  before 
mentioned,  divided  into  simple  forms  of  diseases,  into  simple  disturbances  of 
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circulation,  simple  atrophy  and  hypertropliy,  and  into  simple  retrogressive  meta- 
morphosis. There  then  remain  the  complex  forms  of  disease  or  inflammations. 
These  also  may  be  further  subdivided,  according  as  one  or  other  of  the  tissues 
is  primarily  or  principally  affected. 

In  glandular  organs  and  in  the  heart,  interstitial  and  jMJ'enchymatous  diseases 
may  be  differentiated.  Interstitial  diseases  and  inflammations  are  those  which 
run  their  course  chiefly  in  the  connective  tissue  framework  of  the  organ.  They 
are  either  acute,  as  abscess  or  suppuration,  or  chronic,  as  callous  or  cicatricial 
formations.  The  term  parenchymatous  disease  or  inflammation  refers  to  a 
primar}^  or  excessive  participation  of  tliose  elements  of  the  organ  which  possess 
a  specific  chemical  function.  These  are,  as  has  already  been  mentioned,  the 
so-called  cells  of  the  parenchyma,  the  gland  cells  and  the  muscle  fibres,  since 
the  latter  also  possess  a  specific  chemical  function,  the  transformation  of 
chemical  energy  into  heat  and  mechanical  work.  Parenchymatous  disease 
may  run  either  an  acute  or  a  chronic  course.  Viewed  histologically,  it  is 
intrinsically  a  change  in  structure  of  the  cell  protoplasm,  and  sometimes  also  of 
the  cell  nucleus.  Albuminous  or  fatty  clouding  and  disintegration  take  place 
in  the  cell  protoplasm,  and  finally  the  nucleus  disappears.  As  in  interstitial 
disease,  the  parenchymatous  cells  and  the  blood-vessels  were  invariably  involved 
in  one  way  or  another,  so  in  parenchymatous  disease  and  inflammation  there  is  a 
similar  extension  to  the  interstitial  tissue.  Circulatory  disturbances  are  very 
frequently,  if  not  invariably,  present  in  the  latter.  The  connective  tissue 
framework  suffers  in  the  same  way.  In  such  cases  numerous  lymphoid  cells 
appear,  and  later,  areas  of  granulation  and  cicatricial  tissue  develop. 

This  fact  illustrates  the  intimate  connection  that  exists  between  the 
structural  elements  in  each  individual  organ.  Those  are  so  far  dependent  on 
one  another  that  isolated  disease  of  a  single  structural  element  can  only  be 
supposed  to  exist  in  a  few  cases.  Many  parenchymatous  diseases  are  the 
direct  cause  of  connective  tissue  contraction  in  the  affected  organ.  The 
parenchymatous  cells  degenerate  and  disappear,  whereupon  firm  cicatricial 
tissue  develops  in  their  room  and  fills  up  the  spaces.  The  early  stages  of 
regenerative  growth  of  the  parenchymatous  cells  are  present,  as  a  rule,  at  the 
same  time.  These  processes  present  a  great  variety  of  relations  in  diflerent 
organs  and  under  the  influence  of  varying  causes  of  disease,  which  can  only  be 
properly  dealt  with  in  a  more  minute  inquiry  into  the  special  characters  of  the 
various  organs.  A  detailed  description  would  therefore  encroach  upon  the 
special  pathological  anatomy. 

Cyst  formation,  however,  since  it  recurs  in  the  same  form  in  most  of  the 
glandular  organs,  deserves  a  general  description.  Cysts  are  hollow  spaces  of 
pathological  origin,  which  are  lined  with  epithelium  and  filled  with  various 
fluid  or  semi-solid  contents.  They  very  frequently  occur  as  a  dilatation  of  an 
alveolus  or  duct  of  a  gland.  Some  hindrance  to  the  evacuation  of  the  glandular 
secretion  can  generally  be  demonstrated.  These  are  the  retention  cysts.  NarroAv- 
ing  or  obliteration  of  the  excretory  duct  by  the  contraction  of  a  cicatrix,  by  ex- 
ternal pressure,  or  by  torsion  leads,  if  the  gland  continues  to  secrete,  to  an 
accumulation  of  secretion,  and,  in  consequence,  to  a  dilatation  of  a  smaller  or 
larger  portion  of  the  gland  or  of  its  excretory  duct.  The  kidney  may  serve  as 
an  example  of  such  an  occurrence.  In  it  cicatricial  contraction  of  the  tissue 
not  infrequently  occurs  in  such  a  manner  that  separate  parts  of  the  uriniferous 
tubules  become  impermeable.  The  result  is,  that  the  isolated  uriniferous 
£ubule  or  the  capsule  of  the  glomerulus  is  transformed  by  the  accumulated 
secretion  into  a  thin-walled  cyst  of  varying  size  (Figs.  347,  348).     As  a  rule. 
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the  contents  are  clear  and  fluid,  but  occasionally  they  may  be  tinged  with 
blood  or  of  a  gelatinous  consistence.  Sometimes  small  cysts  become  confluent 
and  form  larger  cavities.  ]\Iany  such  formations  occur  in  foetal  life,  but  those 
represented  in  Figs.  347  and  348  were  found  in  advanced  life. 

In  other  cases  an  anomaly  of  secretion  is  the  cause  of  the  formation  of  the 
cyst.  The  secretion  becomes  thick  and  tenacious  and  cannot  be  evacuated 
through  the  narrow  excretory  duct,  hut  accumulates  and  causes  a  cyst  to  form. 
This  not  infrequently  occurs  in  the  sweat-glands  of  the  skin,  which  then  dilate 
and  either  become  comedones  with  fatty  contents,  or  atheroma  cysts  with  pulpy 
contents.  In  like  manner,  a  ductless  alveolus  of  the  thyroid  gland  may  become 
dilated  by  abnormally  profuse  secretion  (Fig.  252,  p.  388). 

Kemains  of  embryonic  structures,  such  as  the  urachus  or  the  branchial 
clefts,  may  persist  and  also  become  cystic. 

These  cysts,  which  are  lined  with  epithelium,  must  not  be  confounded  with 
pathological  newly-formed  bursas  mucosae,  or  similarly  formed  cavities  which 
are  lined  with  endothelium  and  contain  a  mucoid  or  irelatinous  fluid.     These 


Fig.  347. — Cirrhotic  kidney  in  arteriosclerosis  showing  many  small  and  one  very  large  cyst.     The  latter  rises 
from  the  convex  border  of  the  kidney  in  the  form  of  a  thin-walled  vesicle.    Half  natural  size. 


latter  are  often  due  to  great  and  frequently  repeated  displacements  of  the 
tissues,  brought  about  by  external  pressure  and  friction. 

Lastly,  the  term  cystoid  formation  is  applied  to  cavities  in  organs  in  which 
the  walls  have  a  shreddy,  ragged  character,  and  there  is  no  endothelial  or 
epithelial  lining.  They  are  due  to  softening  and  liquefaction  of  the  tissues, 
and,  accordingly,  the  wall  of  the  cavity,  besides  its  shreddy  character,  shows 
many  forms  of  retrogressive  tissue  metamorphosis,  such  as  caseation,  fatty, 
mucoid,  or  simple  hyaline  degeneration. 

Diseases  of  the  mucous  membranes  and  skin,  in  many  cases,  when  compared 
vnih.  these  other  organs,  show  somewhat  different  appearances,  since  the  affected 
organ  has  a  free  surface.  Exudations  Avhich  would  form  infiltrations  and 
abscesses  in  the  internal  solid  organs  appear  here,  partly  between  the  cells  of 
the  epithelium,  raising  them  and  forming  vesicles,  partly  as  free  exudation  on 
the  surface  of  the  skin  and  mucous  membranes.  The  various  forms  of  catarrh  of 
the  mucous  membranes  which  have  already  been  considered  arise  in  this  way. 
Beyond  this,  the  processes  in  the  tissues  of  the  protecting  membranes  absolutely 
coincide  with  those  in  other  organs  ;  but  instead  of  cystic  softening,  there  is 
ulceration. 
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By  ukuii  or  nicer  we  usually  mean  a  condition  -where  there  is  a  superficial 
destruction  of  tissue,  accompanied  by  more  or  less  exudation. 

A  superficial  destruction  of  tissue  due  to  injury  is  often  termed  a  traumatic 
ulcer  when  it  begins  to  discharge  exudation.  These  ulcers,  as  a  rule,  heal 
comparatively  quickly  by  the  new  formation  of  granulation  and  cicatricial  tissue 
and  a  superficial  covering  of  protecting  epithelium. 

The  progress  of  ulcers  which  result  from  pressure  or  tension  is  somewhat 
different.  The  pressure  ulcer  of  the  skin,  manifested  frequently  as  bed-sore,  has 
already  been  considered  under  gangrene,  with  which  it  commonly  begins.  The 
long-continued  pressure  on  the  skin  leads  to  local  anremia,  which,  if  maintained 


Fig.  34S. — Cirrhotic  kidney  with  arteriosclerosis.  Two  siuaU  cysts  with  epithelial  lining  formed  by  the  dilatation 
of  two  glomeruli.  In  the  one  cyst,  a,  there  is  a  Malpighian  tuft  which  is  small  but  well  formed.  The  other 
cyst,  h,  6,  is  traversed  by  a  very  vascular  process.  This  is  formed  by  a  Malpighian  tuft  which  had  become 
abnormally  adherent  to  the  wall  of  Bowman's  capsule,  and,  by  the  dilatation  of  the  glomerulus,  had  been 
stretched  between  its  normal  insertion  and  the  point  of  adhesion.  The  blue  material  with  which  the  vessels 
were  injected  is  represented  black  in  the  drawing.     xl30. 


for  any  length  of  time,  causes  necrosis  and  gangrene.  The  sloughing  of  the 
gangrenous  portion  gives  rise  to  the  pressure  ulcer.  In  other  cases,  there  is 
first  a  sloughing  of  the  epithelium,  associated  with  exudation,  suppuration 
and  putrefaction,  so  that  the  downward  extension  of  the  ulcer  is  only  gradual. 
Pressure  ulcers  are  seen  on  mucous  membranes  also,  when  a  concretion  or 
other  resistant  substance  presses  strongly  on  the  mucous  membrane.  Great 
tension  of  the  tissues  has  much  the  same  effect  as  pressure.  In  vascular  tissues 
this  tension  leads  to  a  narrowing  of  the  lumina  of  the  veins,  which  are  reduced 
to  narrow  slits  by  the  traction.      Venous  stagnation,  stasis,  and  lastly,  necrosis, 
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with  consequent  ulceration,  then  follow.  In  intestinal  obstruction  very 
extensive  necrosis  and  ulceration  of  this  kind  are  found  in  the  mucous 
membrane  of  the  intestine.  Above  the  obstruction  the  fteces  accumulate  and 
distend  the  coils  of  intestine.  The  tense  mucous  membrane  becomes  dark-red 
in  colour,  in  consequence  of  the  venous  stagnation  and  stasis,  and  also  from 
multiple  haemorrhages  by  diapedesis.  Necrosis  and  ulceration  then  supervene. 
These  extend,  in  many  cases,  through  the  whole  thickness  of  the  abdominal  wall, 
and  thus  cause  perforation,  allowing  the  fseces  to  escape  into  the  abdominal  cavity. 
In  slightly  vascular  or  non-vascular  tissues,  tension  causes  none  of  these  marked 
disturbances  of  circulation.  Necrosis  of  the  tissue  occurs,  nevertheless,  probably 
because  the  supply  of  lymph  from  the  neighbouring  capillaries  is  interfered 
with.  It  is  for  this  reason,  as  has  already  been  mentioned,  that  the  intima 
of  the  walls  of  highly -distended  arteries  shows  the  phenomena  of  hyaline 
degeneration,  atheromatous  disintegration,  pnd  atheromatous  ulceration. 

The  simple  chronic  ulcer  (often  called  ulcus  simplex)  is  due  to  a  destruction  of 
tissue,  in  which  the  healing  process  is  unusually  slow,  even  although  all 
infective  and  toxic  influences  are  excluded.  Disease  of  the  blood-vessels  at 
the  margin  of  the  wound  generally  appears  to  be  the  special  cause  of  this  con- 
dition. This  is  distinctly  seen  in  the  so-called  varicose  ulcer  of  the  foot  and  leg, 
which,  for  descriptive  purposes,  may  be  called  the  angiosclerotic  ulcer,  since 
sclerosis  of  the  arteries  and  veins  is  much  more  constantly  present  than  vari- 
cose dilatation  of  the  veins.  Further,  the  varicose  dilatation  of  the  veins  is 
only  one  feature  of  the  angiosclerosis.  These  ulcers  frequently  occur  after  a 
superficial  injury  to  the  foot  or  leg,  which  involves  apparently  healthy  tissue, 
but  which,  were  the  tissue  healthy,  would  heal  witliout  a  trace  in  a  few  days. 
In  other  cases,  the  disease  begins  as  thrombosis  of  a  dilated  superficial  cutaneous 
vein  in  the  leg,  which  suppurates  after  a  slight  injury,  such  as  a  scratch  with  a 
finger-nail.  In  whatever  way  the  primary  lesion  be  caused,  it  shows  little  or 
no  tendency  to  heal,  especially  as  long  as  the  patient  maintains  the  erect 
position  and  goes  about  his  work.  Granulations  form  in  the  margins  and 
floor  of  the  ulcer,  but  these  lireak  down  superficially,  so  that  the  ulcer  con- 
stantly increases,  and  at  last  extends  over  a  large  portion  of  the  leg.  The  foot  is 
much  less  often  aff'ected,  as  it  is  pi'otected  by  the  firm  boot.  Such  ulcers  last 
for  months  or  years.  They  only  heal  when  the  patient  gives  himself  up  to  rest 
in  bed  and  obtains  careful  nursing.  A  scar,  covered  by  thin  epithelium,  then 
forms,  but  breaks  down  again  and  ulcerates  anew  on  the  most  trifling  injury. 

No  disturbances  of  innervation  can,  as  a  rule,  be  demonstrated ;  but  there 
is  a  chronic  disease  of  arteries  and  veins  (angiosclerosis)  which  is,  to  all  appear- 
ance, connected  with  disease  of  the  capillaries.  Multiple  thromboses  occur  in 
the  aff'ected  vessels  and  further  impede  the  circulation,  which  is  already 
impaired  by  the  disease  of  the  vessels.  It  is  premature  to  frame  any  hypothesis 
as  to  the  connection  between  the  abnormal  course  of  healing  and  the  disease  of 
the  vessels  ;  but  the  fact  that  they  are  connected  is  of  considerable  importance. 

Simple  chronic  ulcers  are  observed  in  the  stomach,  the  intestine,  the  vagina, 
and  other  situations.  Here,  also,  they  are  distinguished  by  tardy  healing  and 
by  the  circumstance  that  their  local  extent  corresponds  to  a  vascular  area.  In 
the  large  intestine  they  are  very  often  the  consequence  of  angiosclerotic 
disease ;  in  ulcers  of  the  stomach,  however,  this  angiosclerosis  is  only 
present  in  a  limited  number  of  cases.  Their  cause  must  be  sought  in  another  form 
of  local  disease  of  the  vessels,  Avhich  wull  be  more  suitably  described  in  the 
special  pathological  anatomy,  since  the  condition  becomes  complicated  by  the 
character  of  the  contents  of  the  stomach. 
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The  neurotic  ulcer  Avhich  often  forms  the  starting-point  for  gangrene  has 
already  been  considered  under  gangrene.  Experience  has  shown  that,  after 
transverse  compression  of  the  spinal  cord  or  various  forms  of  injury  and 
disease  of  peripheral  nerves,  deep  ulcerations  frequently  form  in  the  area 
supplied  by  the  affected  nerve,  and  show  a  great  tendency  to  progressive 
suppuration  and  gangrene.  While  some  suppose  that  this  ulceration  is  due 
to  interference  with  the  trophic  nerves  which  are  supposed  to  exist,  it  must  be 
remembered,  on  the  other  hand,  that  disturbances  of  vaso-motor  innervation  can 
be  demonstrated  in  the  area  supplied  by  the  diseased  nerve,  and  that  these 
may  just  as  well  be  the  cause  of  the  peculiar  behaviour  of  the  tissues  toward 
external  pressure,  decubitus,  and  trifling  injuries.  The  tendency  of  the  ulcer 
to  extend  deeply  is  expressed  in  the  very  commonly  employed  term,  per- 
forating ulcer.  As,  however,  other  ulcers  cause  perforation  of  the  intes- 
tine, stomach  and  other  parts,  the  name  does  not  seem  to  be  very  happily 
chosen. 

The  ulcerations  which  occur  in  connection  with  tumours  will  l^e  discussed 
more  fully  in  the  following  chapters.  A  simple  chronic  ulcer  may  form  the 
starting-point  of  a  tumour,  and,  on  the  other  hand,  many  tumour-like  new 
growths  in  the  skin  and  mucous  membi'anes  break  down  superficially  and  lead 
to  the  formation  of  an  ulcer.  These  ulcers  are  distinguished  by  the  fact  that 
their  floor  and  margins,  and  sometimes  also  the  tissues  in  the  surrounding  parts, 
are  abnormal  and  tumour-like.  These  tissues  are  sometimes  difficult  to 
distinguish  in  life  from  growing  granulations ;  but  the  matter  can  usually  be 
easily  settled  by  microscopical  examination. 

Toxic  ulcers  are,  partly,  simply  the  result  of  local  necrosis  brought  about 
by  the  use  of  caustics.  These  are  primary  toxic  ulcers.  The  liquefaction  of  the 
margins  of  the  necrotic  areas  leads  to  sloughing  and  the  formation  of  an 
ulcer.  Reactive  disturbances  and  regenerative  processes  set  in  in  the  sur- 
i-ounding  parts.  These  processes  are  characterised  chiefly  by  exudation  and  new 
formation  of  tissue. 

Secomlari/  toxic  ulcers  constitute  another  variety.  These  occur  specially  in 
the  small  and  large  intestines.  Of  course,  ulcers  and  necroses  of  the  mucous 
membranes  which  are  also  caused  by  the  direct  action  of  caustics  are  found 
in  the  intestinal  canal.  These  primary  ulcers,  which  are  caused  by  swallow- 
ing caustic  substances,  are  situated,  as  a  rule,  in  the  first  part  of  the  alimentary 
canal,  especially  the  oesophagus  and  stomach.  Secondary  toxic  ulcers  of  the 
intestine,  on  the  other  hand,  are  due  to  absorption  of  poisonous  substances 
from  the  circulating  blood.  They  are  also  caused  by  the  absorption  of  certain 
poisonous  substances,  such  as  corrosive  sublimate  (in  sufficient  quantity),  from 
the  subcutaneous  cellular  tissue  or  from  the  surface  of  a  wound  in  the  skin. 
It  must  be  assumed  that  the  poisonous  substance  circulating  in  the  blood  is 
excreted  by  the  large  and  small  intestines,  and  during  this  process  becomes 
collected  in  the  intestinal  mucous  membrane  or  in  the  lumen  of  the  intestine 
to  such  an  extent  that  it  develops  a  caustic  action  and  may  cause  necrosis  of 
the  mucous  membrane. 

In  addition  to  this,  poisons  appear,  under  certain  circumstances,  to  produce 
suppuration  and  putrefactive  decomposition  in  ulcers  which  have  originated 
from  some  other  cause.  Necrosis  of  the  under  jaw,  due  to  phosphorus,  may  be 
mentioned  as  an  example  of  this  condition.  It  occurs  among  the  Avorkers  in 
match  factories  who  are  exposed  continually  to  the  vapour  of  phosphorus, 
chiefly  of  yellow  variety.  In  them  a  defect  in  the  gum  or  a  carious  tooth 
may  become  the  starting-point  for  a  more  extensive  destruction  of  the  gum 
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and  the  periosteum  of  the  jaw,  and  the  process  may  go  on  to  necrosis  of  the 
jaw.  The  phosphorous  A'apour  deposited  on  the  mucous  membrane  of  the 
mouth  is  only  an  influence  which  favours  more  extensive  suppuration,  decom- 
position, and  ulceration. 

Ulcers  due  to  infection  are  numerous  and  of  many  varieties.  Many  run  a 
rapid  course,  as,  for  instance,  the  typhoid  ulcer,  while  others,  such  as  tuber- 
cular and  leprous  ulcers,  are  extremely  chronic.  Many  ulcers  indicate  the  site 
of  the  primary  deposit  and  action  of  the  infective  material,  while  others  are 
secondary  and  are  due  to  the  distribution  within  the  body  of  the  infective 
material  Avhich  has  made  its  way  into  it.  It  is  hardly  possible  to  give  a 
characteristic  which  would  be  common  to  all  infective  ulcers.  The  loss  of 
tissue  begins  sometimes  in  the  superficial  layers  of  the  skin  or  mucous  membrane, 
in  which  case  the  epithelium  is  raised  into  a  vesicle  and  cast  off,  and  subse- 
quently the  destruction  of  the  tissues  extends  downwards  with  greater  or  less 
rapidity.     In  other  cases,  the  tissues  in  the  deeper  layers  of  the  skin  or  mucous 


Fig.  349. — Development  of  a  typhoid  ulcer  of  the  ileum.    Dark  crusts  are  seen  on  the  soft  swollen  Peyer's 
patches.    These  leave  ulcerated  surfaces  when  they  slough  away.    Natural  size. 


membrane  are  necrosed  by  the  action  of  microbes  or  of  their  toxic  products,  and 
the  destruction  extends  toward  the  surface.  The  margins  of  such  ulcers  are 
therefore  often  undermined.  In  other  cases  they  are  smooth  or  infiltrated,  if 
a  large  quantity  of  new  tissue  is  formed  in  the  margins  and  floor  of  the  ulcer. 

Many  forms  of  ulceration  are  also  observed  on  the  internal  surface  of  the 
heart,  on  the  endocardium,  or  on  the  valves,  and  also  on  the  internal  aspect  of 
the  arterial  walls.  This  will  be  referred  to,  however,  in  the  special  part  of 
this  work.  In  disease  of  the  serous  and  synovial  membranes,  tendon-sheaths, 
and  bursse  mucosae,  exudation  takes  a  prominent  place,  as  it  did  in  disease  of 
the  mucous  membranes.  According  to  the  exudation,  there  may  be  distin- 
guished, in  the  pleura,  for  example,  a  serous,  a  sero- fibrinous,  a  hsemorrhagic, 
a  purulent,  or  a  putrid  pleurisy  and  many  intermediate  varieties  and  transitions. 
The  structure  of  these  membranes  is,  however,  not  unaffected,  since,  besides 
the  disturbance  of  circulation,  many  infiltrations  with  exudation  cells,  new 
tissue  formations,  and  degenerations  may  be  noted.  The  degenerations  may 
cause  superficial  losses  of  tissue  which  correspond,  in  many  re.spects,  to  ulcera- 
tion of  the  skin  and  mucous  membrane. 
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CHAPTER    XI 

AUTONOMOUS    NEW   FORMATIONS    RESEMBLING    TUMOURS 

I.  General  Properties  and  Etiology 

New  growth,  swelling,  tumour  are  terms  applied  in  their  more  general  sense 
to  any  enlargement  of  an  organ  or  a  part  of  an  organ  occasioned  by  the 
accumulation  of  exudation,  or  by  haemorrhage  into  the  tissues,  by  new  forma- 
tion of  tissue,  and  by  many  other  pathological  processes.  The  only  featu.re 
common  to  these  conditions  is  the  purely  external  one  of  increase  in  size. 
If  consideration  be  limited  to  those  tumours  which  are  due  to  new  formation 
of  tissue,  these  Avill  still  include  two  essentially  different  types  of  pathological 
processes.  The  enlargement  of  the  spleen  observed  in  phosphorus  poisoning, 
typhoid,  leukaemia  and  many  other  diseases,  appears  as  the  natural  consequence 
of  the  special  changes  which  arise  in  that  organ  in  certain  general  infections 
and  toxic  conditions,  in  alteration  of  the  blood,  and  in  other  pathological 
processes.  It  must  be  ascribed  to  circulatory  disturbances  of  the  organ,  like 
many  similar  enlargements  of  other  organs.  When,  however,  a  circumscribed 
new  growth  appears  in  the  spleen,  or  any  other  organ,  which  destroys  or 
compresses  the  normal  constituents,  or  shows,  by  some  other  peculiarity,  that 
it  is  only  partially  subject  to  the  general  laws  which  govern  the  organ,  we  talk 
of  a  tumour  in  the  more  limited  sense  of  the  word. 

A  tumour,  in  its  more  limited  sense,  may  thus  be  defined  as  an  autonomous 
or  independent  neio  groivtli.  Its  presence  may  be  due  to  an  alteration  in  the 
histo-mechanical  and  histo-chemical  conditions  of  growth  in  a  certain  part  of 
the  organ  ;  but,  at  present,  it  is  only  in  the  hfemangiomata  that  it  is  possible  to 
give  at  all  a  clear  explanation  of  the  histo-mechanical  production  of  the  new 
growth.  In  a  general  consideration  of  the  characteristics  of  tumours,  therefore, 
it  is  advisable  that  other  factors  should  be  looked  for  which  experience 
warrants  us  in  using  as  a  test  of  the  autonomy  of  tumours. 
The  autonomij  of  a  tumour  may  be  recognised — 
(a)  By  the  local  limitation  of  the  first  growth  of  the  tissue.  The  majority  of 
tumours  begin  at  a  definite  point  somewhere  in  an  organ  and  subsequently 
extend  over  wider  areas  and  to  neighbouring  organs.  In  this  way  multiple 
secondary  tumours  are  formed,  owing  to  the  tendency  of  the  primary  tumour 
to  reproduce  numerous  secondary  tumours  of  the  same  structure.  The 
occurrence  of  miiltiple  primary  tumours  of  the  same  structure  is  comparatively 
seldom  seen.  The  characteristic  local  limitation  is  to  be  clearly  noted  in  them 
also.      Multiple   tumours   of   diff'erent  structure   occurring  at  the  same  time 
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are  rare  and  may  generally  be  regarded  as  accidental  coincidences.      Their 
coexistence  emphasises  with  special  force  the  characteristic  of  local  limitation. 

(6)  By  a  histological  structure  which  differs  more  or  less  from  that  of  the  tissue  in 
ichich  it  grows.  This  characteristic  is  not  invariable,  since  the  histological 
structure  of  many  tumours  agrees  completely  with  that  of  their  site. 

(c)  By  diff'erijig  functiomillif  from  their  site.  In  general  emaciation,  for  instance, 
the  tumours  formed  of  adipose  tissue,  the  lipomata,  often  remain  unaltered. 

(d)  By  destruction  and  compression  of  surrounding  parts.  The  grooving  tumour 
leads  to  pressure  atrophy  in  its  neighbourhood,  to  displacement,  or,  lastly,  to 
infiltration  of  the  adjacent  tissues. 

(e)  By  the  occurrence  of  metastasis.  Tumour  cells  are  often  given  off  by  the 
primary  tumour  and  lead  to  the  development  of  secondary  metastatic  tumours 
in  the  neighbourhood  and  in  distant  organs. 

(/)  By  the  earlji  appearance  of  retrogressive  tissue  changes,  such  as  hyaline,  cal- 
careous or  fatty  degeneration  or  softening.  These  phenomena  are  the  expression 
of  the  premature  senescence  of  the  tumour. 

In  contradistinction  to  the  special  characteristics  which  give  a  tumour 
its  autonomous  character,  there  are,  it  must  be  noted,  many  points  of  agree- 
ment between  tumours  and  the  tissues  of  the  organs  from  Avhich  they  rise. 
This  may  be  stated  in  the  following  law  which  is  based  upon  the  investigation 
of  the  histological  structure  and  localisation  of  the  tumours. 

Tumours — that  is,  autonomous  new  growths — rejjroduce,  with  more  or  less  deviation, 
the  structure  of  the  j)art  in  which  they  primarily  arise. 

Tumours  consisting  of  connective  tissue  are  only  found  in  those  parts 
where  connective  tissue  normally  occurs.  Muscle  tumours  originate  in  pre- 
existing muscular  tissue,  glioma  in  normal  neuroglia.  In  those  cases,  the 
tumour  tissue  may  completely  accord  with  that  of  the  site  of  origin.  As  a 
rule,  however,  there  are  variations  in  the  number  of  cells  or  vessels  and  in  the 
topographical  arrangement  of  the  tissue  elements.  In  the  same  manner  the 
development  of  epithelial  tumours  originates  in  the  pre-existing  epithelial 
constituents  of  organs.  Examples  might  be  multiplied  at  will.  Although 
occasional  exceptions  to  this  rule  are  found,  these  are  in  reality  only 
apparent. 

In  the  kidneys  and  thyroid — organs  which  are  developed  comparatively 
late  in  foetal  life — it  happens  that  epithelial  cell  growths  form  tumours  which, 
in  their  general  appearance,  are  not  easily  distinguished  from  very  cellular 
tumours  arising  in  connective  tissue.  As,  however,  the  tumour,  when  more 
minutely  examined,  shows  no  typical  connective  tissue  structure,  but  only  the 
structure  of  an  undifferentiated  tissue,  we  cannot  look  upon  this  as  an  exception 
to  the  law  given  above. 

In  addition,  it  was  repeatedly  pointed  out,  under  the  consideration  of 
double  monsters,  that  tumoiir-like  formations,  the  teratomata,  might  arise  by  the 
inclusion  of  an  acardiac  embryonic  rudiment  in  the  tissues  of  a  well-formed 
foetus.  If  this  rudimentary  embryo  be  very  incompletely  developed,  it  acquires 
all  the  qualities  of  an  autonomous  new  formation  of  tissue.  In  this  case  the 
autonomy  is  very  well  marked.  As  a  rule,  however,  such  tumours  are  com- 
posed of  many  different  tissues,  and  very  often  of  tissues  which  are  not  to  be 
found  in  the  immediately  adjoining  tissues  of  the  normal  foetus.  In  spite  of 
this,  no  objection  to  the  above-mentioned  general  statement  can  be  formed 
from  such  cases,  since  the  tumour  arises  from  an  imperfect  embryonic 
rudiment. 

It  further  happens  that  single  malfoi'mations  may  assume  the  character  of 
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tumours.  Defective  closing  of  the  branchial  clefts  may  give  rise  to  the 
development  of  cystic  tumours  lined  with  ciliated  epithelium,  or  of  epithelio- 
mata  (the  so-called  branchiogenous  carcinomata  of  R.  Volkmann),  in  the  connec- 
tive tissue  areas  of  the  neck,  where,  normally,  no  epithelium  is  found.  Lastly, 
pathologists  M^ere  led  to  assume  that  many  tumours  Avere  due  to  an  aberration 
of  fcetal  tissues.  It  was  supposed  that,  in  an  early  stage  of  embryonic  develoj)- 
ment,  a  group  of  epithelial  cells  might  wander  into  the  spleen  or  mediastinal 
tissues  and  afterwards  form  the  starting-point  of  a  tumoiir.  This  view  dates 
from  the  investigations  of  Remak,  but  Virchow  was  the  first  to  attempt  to 
show  that  it  was  based  on  facts  and  to  test  it  in  various  forms  of  tumour.  It 
was  subsequently  applied  by  Cohnheim  in  a  manifestly  much  too  general  way, 
when  he  stated  that  all  true  tumours  arose  in  this  way.  According  to  my 
opinion,  the  occurrence  of  such  aberration  of  embryonic  tissue  and  portions  of 
organs  with  consequent  tumour  formation  has  been  undoubtedly  demonstrated 
in  many  cases,  in  certain  tumours  of  the  kidney,  for  example  (Grawitz).  Such 
tumours  are  to  be  regarded  as  malformations  of  individual  parts  of  the  body 
which  subsequently  develop  as  tumours.  They  furnish  the  explanation  of 
those  more  radical  deviations  between  the  structure  of  a  tumour  and  of  its 
place  of  origin  which  occasionally  occur.  These  appearances,  however,  can  be 
demonstrated  with  certainty  in  a  few  cases  only.  We  are,  therefore,  not 
justified  in  assuming  that  it  is  the  aberration  of  embryonic  cells  that  is  the 
invariable  cause  of  tumour  formation.  On  the  contrary,  the  hereditary  nature 
of  many  tumours  and  many  other  circumstances  seem  to  argue  that  errors  and 
defects  in  the  germinal  area,  which  may  be  described  as  predispositions  to 
tumour  formation,  are  of  more  importance. 

These  conclusions  are  arrived  at  from  a  comprehensive  investigation  into 
the  etiology  of  autonomous  new  gnnuths  or  tumours.  As  has  just  been  ex- 
plained, they  are,  in  certain  cases,  rudimentary  double  monsters  or  teratomata, 
the  consequence  of  a  disturbance  of  the  developmental  processes  in  the  embryo. 
We  are  here  met  by  the  fact,  however,  that  in  post-foetal  life,  indeed,  fre- 
quently in  advanced  age,  one  tissue  may  proliferate  and  invade  another  in  the 
most  irregular  fashion,  and  in  this  way  give  rise  to  a  malignant  and  highly 
autonomous  tumour.  Carcinoma,  for  example,  arises  in  this  manner  by  an 
invasion  of  the  vascular  supporting  stroma  by  epithelial  tissue.  This  process, 
which  also  occurs  in  a  modified  form  in  other  tumours,  is  perfectly  analogous 
to  the  aberration  of  embryonic  cells  and  other  disturbances  of  embryonic 
development.  This,  however,  shows  that  Cohnheim's  tumour  theory  cannot  be 
generally  applied,  since  it  is  seen  from  it  that  even  in  advanced  age  one  tissue 
may  penetrate  into  another  and  thereby  give  rise  to  a  tumour. 

The  effects  on  the  tissues  of  external,  traumatic,  toxic,  or  infective  agents  have  a  not 
unimportant  bearing  on  the  etiology  of  tumours.  Hawkins,  Follin,  Wernher, 
V.  Adelmann  and  many  recent  authors,  whose  Avorks  have  been  carefully 
collected  by  Bogehold  and  Jessen,  described  the  development  of  cancerous 
tumours  in  cicatrices  of  burns  and  in  the  margins  of  issues  (or  suppurating 
wounds  which  have  been  made  for  therapeutic  reasons,  and  which  are  kept 
open  by  the  insertion  of  foreign  bodies).  Volkmann  and  Busch  observed  the 
development  of  cancerous  foci  in  the  floor  of  tubercular  and  lupoid  ulcers  of 
the  skin,  and  in  like  manner  cancerous  growth  not  infrequently  develops 
at  the  orifices  of  sinuses  which  carry  off"  the  pus  from  tubercular  bone. 
These  are  all  cases  of  wounds  and  cicatrices  of  wounds  which  have  suppurated 
for  a  long  time  and  thus  been  exposed  to  the  action  of  various  microbes,  and 
some  of  which  have  also  been  subjected  to  irritating  local  applications. 
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The  action  of  toxic  substances  (soot,  products  of  combustion,  paraffin)  is 
usually  given  as  the  cause  of  cancer  of  the  scrotum  in  the  chimney-sweep 
(Elliot,  Vincent),  and  R.  Volkmann  has  drawn  attention  to  an  exactly  similar 
carcinoma  which  occurs  among  workers  in  paraffin  factories.  Hutchinson 
ascribes  the  development  of  cutaneous  warts  and  carcinomata  to  the  internal 
use  of  arsenic  continued  for  many  years. 

The  cancers  develop  most  frequently,  according  to  general  experience,  at 
the  so-called  ostia  of  the  various  divisions  of  the  alimentary  tract,  such  as  the 
lips,  cardiac  and  pyloric  orifice  of  the  stomach,  the  ileo-caecal  valve,  or  the  anus, 
places  which  are  exposed  to  a  comparatively  high  degree  of  mechanical 
irritation. 

Benign  tumours  which  become  malignant  only  after  long  existence  are  not 
infrec^uently  found  as  polypoid,  papillary,  or  caulifiower-like  masses  on  mucous 
membranes  after  chronic  catarrh  of  many  years'  standing.  These,  however, 
owe  their  origin,  as  a  rule,  to  external  influences,  especially  infections.  Polypi 
of  the  mucous  membranes  of  the  nose  and  larynx,  and  papilloma  of  the  bladder 
prove  this  distinctly. 

Lastly,  a  special  fibroid  tumour,  keloid,  which  develops  from  cicatricial  tissue, 
has  been  known  since  the  time  of  Alibert.  No  one  has  yet  succeeded  in 
producing  cancer  or  other  tumours  experimentally  by  the  use  of  traumatic, 
toxic,  or  infective  agents,  and  innumerable  injuries  in  the  human  body,  including 
such  as  have  suppurated  for  a  long  time,  heal  without  disturbance.  Among 
the  relatively  fcAv  cases,  however,  in  which  wounds  and  scars  gave  origin  to 
tumour  formation,  there  is  quite  a  nvmiber  where  the  injury  healed  up  and 
only  gave  rise  to  formation  of  a  tumour  in  the  scar  after  many  years  had 
elapsed. 

From  this  it  would  appear  that  external  influences,  injury,  infection,  toxic 
agents  and  their  consequences,  must  in  many  cases  be  regarded  as  mere  jjre- 
disposing  causes  which  determine  the  locality  at  which  tumours  arise.  Should 
it  be  shown,  on  further  investigation,  that  the  coccidia-like  bodies  found  in 
carcinoma  are  really  parasitic  organisms,  and  should  it  also  be  demonstrated 
that  they  are  the  cause  of  cancer,  then  injuries  and  catarrhs  may,  under  certain 
circumstances,  be  of  importance  in  so  far  as  they  provide  the  means  of  entrance 
for  these  microbes.  However  this  may  be,  the  investigations  into  the  etiology 
of  cancer,  extending  over  many  years,  which  have  been  collated  by  Alberts, 
show  beyond  doubt  that  there  is  "  a  predisposition  "  to  cancer  formation  which 
increases  with  age.  This  probably  plays  the  principal  part  in  the  etiology  of 
cancer.  The  hereditary  nature  of  such  a  predisposition  would  explain  the  fact 
that  many  tumours  frequently  reappear  in  the  same  family. 

A  number  of  tumour-like  formations,  classed  by  Virchow  as  true  tumours, 
tubercle,  syphiloma,  leproma,  etc.,  are  certainly  to  be  regarded  as  results  of 
infection,  in  which  the  consequence  of  the  infection  is  dependent  upon  the 
presence  of  a  certain  individual  predisposition,  in  the  same  manner  as  has  just 
been  shown  to  be  probable  in  cancer.  Speaking  generally,  tubercrdar,  syphilitic, 
and  leprous  growths  take  their  character  from  the  organ  in  which  they  occur, 
varying  in  regard  to  the  topographical  arrangement  of  the  tissue  elements,  the 
number  of  cells,  and  the  participation  of  the  normal  structural  constituents  in 
the  lesion.  This  variation  is  not  found  in  true  tumours.  The  special  character- 
istics of  the  newly-formed  tissue  in  leprosy,  tubercle,  syphilis,  etc.,  can  be 
explained  if  the  new  growths  are  regarded  as  the  expression  of  the  local  reaction 
to  the  invading  microbes.  They  are  therefore  not  autonomous,  and  accordingly 
must  be  distinguished  from  the  new  growths  now  under    discussion.     Their 
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general  characters  have  been  discussed  in  the  chapter  on  infections.  The 
different  appearances  Avhich  they  present  in  the  various  organs  will  be  con- 
sidered more  fully  along  with  the  diseases  of  these  organs. 

The  autonomous  new  tissue  formations  or  tumours  involve  great  danger  to 
the  well-being  and  life  of  the  patient.  Of  course,  there  is  a  large  number  of 
so-called  benign  tumours.  Experience  has  shown,  however,  that  these  may 
become  malignant.  The  benign  tumours  are  distinguished  by  their  slow  growth. 
They  may  even  become  stationary  when  they  have  attained  a  certain  size. 
Nevertheless,  they  occasionally  cause  injury  by  disturbing  the  function  of 
the  organ  in  which  they  are  situated  and  by  pressure  on  neighbouring  vital 
organs.  Under  certain  circumstances,  they  lead  to  haemorrhages,  either  from 
their  own  vessels  or  from  those  in  the  neighl)ourhood.  For  example,  the 
uterine  tumour,  consisting  of  non-striated  muscle  fi))res,  is  often  accompanied  by 
profuse  bleedings  from  the  uterine  mucous  membrane,  which  lead  to  profound 
exhaustion  and  necessitate  operations  dangerous  to  life.  Malignant  tumours 
are  distinguished  by  their  rapid  growth,  their  tendency  to  ulceration  and 
necrosis,  and  the  danger  of  metastatic  growth^.  After  removal  by  operation, 
they  not  infrequently  recur  in  the  scar  of  the  wound  (local  recurrence).  They 
also  tend  to  destroy  the  function  of  the  organ  in  which  they  develop,  and 
to  injure  the  surrounding  parts  by  pressure.  They  also  acquire  other  injurious 
properties.  By  their  rapid  growth  they  withdraw  a  certain  amount  of  valuable 
nutriment  from  the  body,  and  discharge  into  it  the  abnormal  products  of 
their  metabolism.  At  the  same  time,  the  tumour  invades  neie;hl)ourino;  and 
distant  organs  and  destroys  them  to  a  greater  or  less  extent.  The  formation 
of  ulcers  which  frequently  takes  place  leads  to  suppuration  and  putrefactive 
changes,  and  afterwards  to  pya^mic  and  septic  poisoning  and  infections,  which 
may  l)e  eithei-  acute  or  chronic  in  their  coiu'se.  Finally,  h?emon'hage  occasion- 
ally occurs  from  erosion  of  the  larger  blood-vessels. 
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II.  External  Appearances,  Growth,  and  Structure  of  the  Tumours 

It  seems  to  be  important  for  the  recognition  and  differentiation  of  the 
various  forms  of  tumour  in  the  living  and  dead  body  to  determine  their 
general  external  features  as  they  appear  to  the  naked  eye,  and  to  learn  what 
conclusions  as  to  their  manner  of  growth  and  microscopic  structure  may  be 
dra^^ai  from  these  appearances. 

The  following  varieties  of  tumours  can  be  differentiated  according  to  their 
external  appearances  : — 

(«)  Tuberous  tumours,  in  which  the  shape  resembles  a  tuber,  such  as  the  potato. 
These  are  round,  ball-like  tumours  of  very  varying  size.  The  smallest  belong 
to  the  next  group  of  tumours ;  the  largest  sometimes  exceed  the  size  of  a  man's 
head. 

(b)  Miliary  tumours,  rounded  tumours  about  the  size  of  a  millet  seed.  The 
term  "  tubercular,"  formerly  used  in  a  general  sense,  is  now  reserved  exclusively 
for  the  result  of  infection  with  the  tubercle  bacillus. 

(c)  Lohilated  tumours. 

(d)  Fungoid  tumours,  whose  shape  resembles  a  mushroom.  These  are 
tumours  which  are  elevated  above  the  surface  of  an  organ  and  possess  over- 
hanging margins. 

{e)  Polypoid  tumours,  rounded  tumours  with  a  pedicle,  raised  above  the 
surface  of  an  organ. 

(/)  P<^i]}ilb"'y  tumotirs,  resembling  an  enlarged,  single,  or  multiple  papilla  of 
the  skin.  A  number  of  short,  compressed  papillomata,  placed  closely  together, 
sometimes  assume  the  form  of  warts  (wart-like,  verrucous  tumour).  When  the 
papillae  are  slender  and  much  branched,  a  dendritic  tumour  is  formed  which, 
when  it  is  of  a  soft,  delicate  character,  forms  a  cauliflower-like  growth. 

(g)  Tumours  raised  above  the  surface  of  an  organ  in  flat  circumscribed 
forms,  resembling  a  garden  plot  (Beetfljrmig). 

(h)  Infiltrating  tumours,  which  shoAV  on  section  that  the  tumour  has  pene- 
trated between  the  normal  structure  elements  of  an  organ. 

(i)  Diffuse  tumours,  which  are  distinguished  by  their  ill-defined  limits. 

Many  of  these  forms  of  tumour  allow  us  to  form  a  conclusion  as  to  the 
mode  of  their  growth.  This  always  takes  place  by  cell  division,  in  which  the 
karyokinetic  figures  are  sometimes  distinguished  by  their  great  wealth  of 
chromatin. 

If  the  multiplication  of  the  cells  takes  place  equally,  at  all  parts  of  the 
tumour,  a  central  growth  is  spoken  of.  If  the  cell  multiplication  is  principally  to 
be  demonstrated  in  the  peripheral  zone  of  the  tumour,  the  growth  is  peripheral. 
The  peripheral  growth  may  be  continuous  or  interrupted.  The  central  and  the 
continuous  peripheral  growth  may  give  rise  to  tuberous  and  fungoid  tumou.rs. 
The  slightly  elevated,  infiltrating,  and  diffuse  forms  occur  especially  as  the 
result  of  an  extensive,  continuous,  peripheral  growth.  The  interrupted, 
peripheral  growth  occurs  in  such  a  way  that,  in  the  neighbourhood  of  a  large 
tumoiu',  smaller  tumours  are  formed  by  the  development  of  aberrant  tumour 
cells.  If  these  increase  in  size  and  become  fused  with  the  larger  tumovir, 
this  latter  not  infrequently  assumes  a  lobulated  appearance  (Fig.  350).  In 
other  cases,  the  lobulated  form  is  the  result  of  a  local  limitation  in  growth,  to 
which  the  tumour  is  subjected  by  neighliouring  tissues.  The  lobulated  fatty 
tumours  between  the  tendons  of  the  palm  grow,  for  instance,  in  this  way  (Fig. 
351). 
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The  central  portion  of  a  tumour  may  gradual^  decrease  in  bulk  by 
softening  and  partial  absorption,  or  by  cicatrisation.  Cicatricial  tissue  develops 
and  causes  contraction.  If  such  a  tumour  projects  above  the  surface  of  an 
organ,  the  central  diminution  in  bulk  occasionally  appears  as  an  umbilicated 
retraction  of  the  summit  of  the  tumour,  umbilicated  tumours. 

The  degree  and  mode  of  extension  of  the  tumoiu-s  within  neighbouring  and 
distant  areas  depends  upon  their  manner  of  growth.  The  neighbouring  tissues 
and  organs  are  not  infrequently  invaded  by  the  continuous  peripheral  growth 
of  the  tumour,  which  may  thus  bridge  over  hollow  sj^aces  of  all  kinds,  especially 
serous  cavities.  It  is  in  this  way  that  cancer  of  the  stomach  passes  to  the 
adjacent  left  lobe  of  the  liver,  for  example.  Direct  inoculation  may  also  occur 
where  the  tumour  elements  of  the  skin,  mucous  membrane,  or  serous  surface 
pass  to  an  apposed  surface  and  give  rise  to  neAV  tumours  on  the  latter  without 
any  adhesion  of  these  surfaces.  In  other  cases,  the  extension  of  the  tumour 
throughout  the  body  occurs  interruptedly  by  metastatic  formations,  in  which 


I 


Fig.  350. — Lobulated  melanotic  sarcoma  of  the  foot, 
showing  discontinuous  peripheral  growth. 


Fig.  351. — Lobulated  fatty  tumour  developed  between 
the  tendons  of  the  palm.    Three-fifths  natural  size. 


case  tumour  germs  are  carried  away  by  the  lymph  and  blood  streams,  settle 
down  in  new  situations,  and  give  rise  to  fresh  tumour  growths.  These  germs 
are  undoubtedly,  in  many  cases,  tumour  cells  which  have  become  free.  As  has 
already  been  mentioned  (p.  294,  Fig.  203),  cells  of  this  kind  from  a  melanotic 
sarcoma  which  have  been  carried  away  by  the  blood  can  be  demonstrated, 
occasionally,  in  the  capillaries  of  the  liver.  It  may  also  be  assumed  as  probable 
that  all  metastases  of  tumours  are  brought  about  by  this  emigration  of  cells  or 
groups  of  cells.  It  is  not  only  the  circumstances  just  mentioned  as  occiuTing  in 
the  liver  that  favour  this  view,  but  also  the  fact  that  parts  of  a  tumour  have 
been  shown  to  penetrate  into  large  and  small  vessels  and  cavernous  spaces,  and 
also  that  metastatic  tumours  very  often  develop  within  the  lumen  of  capillaries. 
This  hypothesis,  lastly,  explains  most  simply  why  it  is  that  metastatic  tumours 
are  identical  in  structure  toith  the  primary  tumour. 

Metastases  are  produced  by  the  development  of  secoiulary  tumours  from  a 
primary  one.  These,  in  their  turn,  may  give  off  tumoiu'  cells  and  thus  form 
new  metastases.     Thus  secondary  multiple  tumours  are  formed  in  a  manner 
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quite  different  from  the  for- 
mation of  primary  multiple 
growths.  In  the  latter  case, 
a  varying  number  of  tumours 
of  the  same  structure  is  formed 
independently  of  each  other, 
but  it  must  be  assumed  as  the 
result  of  a  common  cause. 
An  accidental  combination  of 
several  tumours,  differing  in 
structure  and  independent  of 
each  other,  warts  on  the  skin, 
and  cancer  of  the  stomach,  for 
instance,  may  occasionally  be 
observed  in  one  and  the  same 
individual,  but  can  certainly 
not  be  referred  to  a  common 
cause. 

If  the  formation  of  meta- 
stases be  more  closely  investi- 
gated, two  forms  may  be  dif- 
ferentiated— local  or  regional, 
and  distant  or  general.  Local 
metastasis  is  the  same  as  the 
condition  of  interrupted  peri- 
pheral growth  Avhich  has 
already  been  described.  In 
this  condition  small  secondary 
nodules  are  formed  round 
about  a  tumour.  These  may 
afterwards  increase  in  size  and 
may  become  fused  with  the 
primary  tumour  (Fig.  350). 
This  form  of  metastasis  is  due 
to  the  transference  of  tumour 
cells  by  the  lymphatics.  In 
such  cases,  metastatic  growths 
are  found  in  the  course  of  the 
lymphatics  which  come  from 
the  primary  tumour,  and  still 
more  frequently  in  the  hjmph 
glands  belonging  to  them 
(Fig.  352).  This  form  of 
metastasis  is  occasionally  the 
consequence  of  the  spread 
of  the  tumour  cells  along 
the  nerve -sheaths,  or  Avithin 
the  serous  cavities.     Distant  or 

general  metastasis  is  the  result  p^^^  352.-Cellnlar  tumour  (sarcoma)  in  the  skill  of  the  heel  show- 
ing metastases,  a,  The  tumour  in  the  heeL  Chains  of  meta- 
stases liave  formed  in  the  wall  of  the  lymph-vessels  leading  from 
the  tumour.  6,  Metastatic  growths  in  the  lymph-glands  of  the 
groin.    Half  natural  size. 
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of  the  invasion  of  the  blood- 
vessels by  the  tumour  cells. 
These    pass    Avith    the    blood- 
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stream  into  distant  organs  and  there  give  rise  to  new  tumours  of  the  same  struc- 
ture. If  the  primary  tumour  is  situated  within  the  area  of  the  portal  circula- 
tion, the  tumour  cells  are  first  carried  by  the  blood-stream  to  the  liver  ;  in  cancer 
of  the  stomach,  for  instance,  numerous  metastases  are  found  in  the  liver. 
Some  of  the  tumour  cells  may  then  pass  through  the  capillaries  of  the  liver ; 
but  this  is  rare,  because  the  blood-stream  of  the  portal  vein  is  very  slow  within 
the  liver.  The  tumour  cells  settle  down  in  the  slow  blood-current  and  are 
left  lying  on  the  vessel  walls,  where  they  either  die  or  multiply  and  form  new 
tumours.  In  this  respect  the  tumour  cells  behave  like  finely-divided  colouring 
matter  introduced  into  the  blood-stream  (see  p.  293).  The  few  tumour  cells 
which  pass  through  the  liver  capillaries  are  carried  through  the  right  heart  to 
the  capillaries  of  the  lung  by  the  blood -stream.  They  may  be  deposited  here 
and  give  rise  to  metastatic  growths.  They  may  also  pass  through  the  capillaries 
of  the  lung  into  the  left  heart  and  aorta  and  cause  metastatic  growths  in  the 
parts  supplied  by  the  aorta,  in  which  case  the  liver,  the  spleen,  and  the  bone- 
marrow  are,  as  a  rule,  for  reasons  already  given  (see  p.  293),  most  frequently 
attacked.  The  kidneys,  skin,  brain,  and  heart-muscle,  however,  also  frequently 
develop  metastatic  tumours. 

Should  the  primary  tumour  not  be  situated  within  the  area  drained  by  the 
portal  vein,  but  in  some  other  part  of  the  systemic  circulation,  or  in  the  area 
of  the  pulmonary  circulation,  the  distribution  of  the  metastases  is  correspond- 
ingly modified.  The  rule  holds  good,  generally,  that  secondary  tumours  are 
found  with  comparative  frequency  in  the  region  of  the  first  set  of  capillaries 
through  which  the  venous  blood  that  comes  from  the  primary  tumour  has  to 
pass.  This  is  most  frequently  the  lung,  therefore  metastatic  growths  are  by 
far  most  common  there.  All  the  larger  fragments  which  are  carried  off  from 
a  primary  tumour,  and  probably  a  few  of  the  smaller  ones  also,  are  arrested 
in  the  first  capillary  network  they  reach.  After  these  are  sifted  out,  only  a 
few  of  the  smaller  fragments  are  left  in  the  blood-stream.  These  are  deposited 
in  the  various  organs,  chiefly  in  those  in  which  the  blood-stream  is  very  slow, 
such  as  the  liver  and  the  spleen,  or  where  the  capillaries  are  very  narrow, 
such  as  the  brain  and  kidneys. 

There  is  still  another  factor  to  be  considered  in  connection  A^th  the 
development  of  metastatic  tumours.  The  tumoiu"  cells  circulating  in  the 
blood,  and  those  deposited  in  capillary  areas,  do  not  find  conditions  equally 
favourable  to  growth  in  all  the  organs.  It  may  therefore  happen  that  a  malig- 
nant tumour  of  the  bone-marrow  may  give  rise  to  multiple  metastases  in  the 
marrow  of  diff"erent  bones  of  the  body,  while,  in  other  organs,  the  metastases  are 
very  few.  A  tumoiu*  of  the  mamma  may  cause  innumerable  tumours  of  the 
skin,  while  the  liver,  lungs,  spleen,  and  bone -marrow  are  comparatively  free. 
Such  peculiarities  of  distribution  are  not  very  frequently  observed,  but,  never- 
theless, are  worthy  of  mention,  because  they  have  some  bearing  on  the  further 
question,  viz.  whether  many  tumour  cells  circulating  in  the  blood  or  arrested  in 
the  capillaries  may  not  perish,  simply  because  the  conditions  of  nutrition  are  un- 
favourable, while  only  a  very  small  proportion  develops  further. 

Lastly,  the  occurrence  of  crossed  and  recurrent  emboli  can  be  occasionally 
demonstrated  in  the  metastasis  of  tumours  (see  p.  293). 

All  these  facts  show  that  in  distant  or  general  metastasis  of  tumours,  the 
lung,  liver,  spleen,  kidneys,  bone-marrow,  skin,  and  brain  are  chiefly  attacked, 
but  the  other  organs  are  also  occasionally  aff'ected. 

With  reference  to  the  size  of  metastatic  tumours,  the  later  date  of  their 
development  explains  why  they  are,  for  the  most  part,  smaller  than  the  primary 
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tumour.  Exceptions,  however,  are  not  infrequent.  The  secondary  tumours 
may  become  larger  than  the  primary  one,  if  the  conditions  of  nutrition  are 
more  favourable,  and  especially  if  several  secondary  tumours  become  fused 
into  a  single  mass  during  their  growth. 


For  the  special  consideration  of  tumours  a  classification  of  the  various  forms 
is  necessary.  This  classification  is  founded  upon  their  histological  structure. 
Virchow's  researches  have  shown  that  many  tumours  consist  of  tissues  Avhich, 
as  far  as  their  structure  is  concerned,  more  or  less  completely  agree  with  normal 
physiological  forms  of  tissue,  while  other  tumours  show  deviations  which  are 
chiefly  due  to  their  more  highly  cellular  nature.  The  latter  are  generally 
malignant  tumours,  which  are  distinguished  by  rapid  growth  and  tendency  to 
ulcerative  necrosis  and  local  recurrence,  by  the  formation  of  metastases,  and  by 
the  causation  of  a  cachectic  condition  through  auto-intoxication  by  the  products 
of  their  metabolism. 

We  can  best  do  justice  to  this  important  fact  if,  like  Virchow,  we  make  a 
separate  group  of  the  cellular  tumours.  In  so  doing,  care  must  be  taken,  however, 
that  the  distinguishing  point  should  be  not  merely  the  great  number  of  cells, 
but  the  increase  in  number  of  cells  as  compared  with  the  corresponding  normal 
tissue. 

The  less  cellular  tumours  which  then  remain  have  been  described  by 
Virchow  as  histioid  and  organoid  tumours.  The  histioid  tumours  are,  for  the 
most  part,  made  up  of  one  of  the  normal  tissues,  while  the  organoid  tumours 
consist  of  several  tissues  which  are  normal  as  regards  their  structure,  and  show 
an  arrangement  resembling  an  organ. 

This  classification  is  of  great  importance  in  one  way,  since  it  clearly  indicates 
the  agreement  between  normal  and  autonomous  tissue  formation.  I  think  I 
ought  to  point  out,  however,  that  the  histioid  tumours,  which  consist  principally 
of  one  tissue,  as  a  matter  of  fact  show  a  structure  resembling  an  organ,  although 
it  is  certainly  less  distinct.  There  are  no  tumours  which  consist  exclusively 
of  one  tissue.  All  tumours  possess,  at  least,  nutrient  vessels.  If,  as  in  small 
tumours,  these  lie  outside  of  the  area  of  the  tumour  proper,  they  are  still  an 
indispensable  constituent.  The  vascular  tumours  always  contain  connective 
tissue  or  analogous  varieties  of  tissue,  and  further,  the  histological  constituents 
of  the  histioid  tumours  always  show  an  arrangement  similar  to  that  found  in 
the  organs. 

For  the  sake  of  simplicity,  therefore,  the  distinction  between  histioid  and 
organoid  tumours  will  be  allowed  to  drop  and  the  less  cellular  tumours  will  be 
collectively  described  as  organoid.  This  is  so  much  the  more  justifiable,  since  the 
histioid  tumours  always  show  a  number  of  structural  peculiarities  which  they 
take  from  the  organs  in  which  they  grow,  and  besides,  such  a  classification  makes 
it  very  much  easier  to  include  the  mixed  tumours  under  this  heading.  All 
tumours  are  capable  of  producing  mixed  forms.  Many  of  these  mixed  tumours, 
however,  require  to  be  specially  mentioned,  since  they  represent  typical  forms 
of  tumours  which  show  specially  close  resemblances  to  certain  organs. 

A  satisfactory  diagnosis  of  a  tumour  can  only  be  made  with  the  aid  of  the 
microscope,  since  their  histological  structure  has  been  selected  as  the  founda- 
tion for  the  nomenclature.  The  physician,  however,  must  endeavour  to  make 
the  diagnosis  during  life.  This  can  be  fairly  easily  done,  if  it  is  possible  to 
remove  small  portions  of  tumour  from  the  patient,  and  subject  them  to  micro- 
scopic examination.     This  is  not  always  permissible,  however,  and  besides,  the 
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value  of  such  limited  examination  is  not  satisfactory  in  all  cases.  For  the 
diagnosis  of  tumours  during  life  an  accurate  knowledge  of  the  localisation  and 
external  appearance  of  the  tumours  is  of  great  importance,  and  this  must 
therefore  be  now  more  minutely  considered. 

It  is  further  desirable  to  deal  briefly  here  with  those  structural  peculiarities 
of  the  tumours  Avhich  can  be  observed  with  the  naked  eye.  Microscopic 
examination  may  be  much  simplified  by  a  previous  examination  of  the  tumour 
Avith  the  naked  eye,  for  larger  areas  can  be  inspected,  and  it  is  therefore 
possible,  partly  at  least,  to  predict  the  result  of  the  microscopic  examination. 
Besides,  by  this  method  some  further  peculiarities  may  be  observed  which  are 
occasionally  of  great  importance  for  the  diagnosis  during  life. 

From  naked-eye  examination  it  is  possible,  in  many  cases,  to  recognise 
fairl}-  successfully  the  tissue  of  which  the  tumour  consists.  Connective,  fatty, 
mucous,  cartilaginous,  osseous,  and  non-striped  muscular  tissues  sometimes  appear 
in  tumours  in  typical  easily  differentiated  forms.  Microscopical  diagnosis  of 
cartilasrinous  and  mucoid  tissue  is  sometimes  difficult  and  uncertain  without 

previous  naked -eye  examination,  especially 
when  the  cartilage  is  rich  in  mucin  and  con- 
tains unusual  forms  of  branchinsr  cells. 

In  the  same  way  it  is  occasionally  possible 
to  recognise,  by  the  naked  eye,  the  results  of 
hemorrhage,  pigmentation,  calcification,  fatty 
degeneration,  and  other  retrogressive  tissue 
changes. 

In  many  other  cases,  the  tissue  which 
forms  the  tumour  cannot  be  recognised  by 
the  naked  eye  directly,  but  certain  peculiari- 
ties in  structure  may  be  seen  which  suggest 
its  nature.     The  structure  may  appear — 

(«)  Fascicular.  On  the  surface  of  a  section 

the  structure  of  the  tumour  shows  fascicular, 

striated    markings    which    have    a    peculiar 

lustre,  reminding  one  of  that  of  the  surface 

of  damask  linen  (Fig.  353).     From  this  fact 

it  may  be  concluded  that  the  tissue  elements, 

either  the  cells  or  the  fibres,  are  elongated  and  arranged  in  bundles  which  cross 

each  other  in  different  directions.     This  condition  occurs  in  fibroma,  leiomyoma, 

neuroma,  and  sarcoma. 

(b)  Medullary,  so  called  from  the  resemblance  between  the  tumour  and  white 
brain  substance.  It  is  the  highly  cellular  tumours  more  especially  which  show 
this  structure,  such  as  sarcoma  or  carcinoma,  but  it  is  also  found  occasionally 
among  the  comparatively  cellular  organoid  new  formations,  in  many  myxomata, 
for  instance. 

(f)  Gelatinous.  This  condition  is  found  both  in  myxomatous  tumours  and  in 
tumours  showing  myxomatous  degeneration.  The  mass  of  tumour  is  more  or 
less  transparent  or  translucent,  soft,  sometimes  shaking  like  a  thin  jelly,  colour- 
less or  yellowish.  "When  vascular  it  is  reddish,  and  when  very  cellular  or 
beginning  to  undergo  fatty  degeneration  or  calcification  it  becomes  white  and 
cloudy. 

(cl)  Hyaline.  The  tumour  is  transparent  or  translucent,  colourless  or  reddish. 
Sometimes  it  is  hard  and  firm,  and,  under  certain  circumstances,  may  be  as  hard 
as  cartilage. 


Fig.  353. — Leiomyoma  showing  fascicular 
structure 
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{e)  Alveolar.  Within  the  tumour  very  small  spaces,  alveoli,  are  seen  filled 
with  cells,  fluid,  or  a  gelatinous  substance. 

(/)  Acinous,  resembling  the  coarser  structure  of  an  acinous  gland. 

{g)  Cystic.  The  tissue  shows  large  and  small  spaces  with  smooth  walls  filled 
with  a  fluid  or  semi-solid  substance. 

{h)  Cystoid.  The  spaces,  which  are  filled  with  heterogeneous  substances,  have 
ragged,  irregularly-formed  walls  which  show  difi'erent  forms  of  disintegration. 


III.  The  Individual  Forms  of  Tumour 

A.  Organoid  Tumours 

Organoid  tumours  consist  of  tissues  luhich  are  identical  in  structure  with  the 

physiological  tissues  of  the  human  body.  The  grounds  for  this  definition  have 
been  given  above.  According  to  it,  organoid  tumours  include  the  following 
varieties  : — - 

1.  Fibroma  7.  Angioma 

2.  Lipoma  8.  Myoma 

3.  Myxoma  9.   Neuroma 

4.  Chondroma  10.  Papilloma 

5.  Osteoma  11.  Adenoma 

6.  Glioma  12.   Cystoma. 


Those  organoid  tumours  are,  in  general,  benign,  but  sometimes  take  on 
rapid  growth  and  are  transformed  into  malignant  cellular  tumours,  by  means 
of  a  considerable  increase  in  the  number  of  cells  they  contain ;  into  sarcomata, 
by  the  growth  of  their  non -epithelial  constituents;  or  into  carcinomata,  by 
the  growth  of  the  epithelial  elements. 

1.  Fibroma 

A  fibroma  consists  chiefly  of  connective  tissue,  but,  at  the  same  time,  it  also 
contains  more  or  less  numerous  blood-vessels,  and,  under  certain  circumstances, 
nerves  and  also  other  varieties  of  tissue. 

The  connective  tissue  is  made  up  of  cells  and  a  homogeneous  fibrillar  inter- 
cellular substance.  These  elements  are  always  present  in  proportions  which 
vary  within  limits  determined  by  the  resemblance  to  some  organ.  Accordingly, 
there  may  be  distinguished — 

(a)  Fibroma  dunom,  distinguished  by  a  large  proportion  of  firm,  fibrillar, 
homogeneous,  intercellular  substance  (Fig.  354). 

(h)  Fibroma  molle,  rich  in  fixed  connective  tissue  cells  (Fig.  355).  This 
tumour  represents  the  transition  to  the  cellular  connective  tissue  tumours,  the 
fibro-sarcoma. 

(c)  Fibroma  teleangiectaticum,  or  angio-fibroma,  is  differentiated  by  the  presence 
of  numerous  capillaries. 

(d)  Fibroma  cavernosum,  distinguished  by  cavernous  blood  spaces.  With  these 
are  associated,  as  the  most  important  mixed  variety — 

(e)  Fibroma  lipomatodes,  made  up  of  connective  and  fatty  tissues. 
(/)  Fibroma  ossificum,  formed  of  connective  and  osseous  tissues. 
Disintegration  and  retrogressive  tissue  changes  are  not  often  seen  in  the 

fibromata,    the    most   frequent    being    incrustation    with    lime -salts    {fibroma 
petrificum). 

Fibroma  is  one  of  the  most  common  tumours.     It  selects  the  organs  in 


534 


FIBROMA 


Avhich  a  large  quantity  of  connective  tissue  is  physiologically  present,  such  as  the 
periosteum,  tendons,  fasciae,  kidneys  and  ovaries.  The  fibromata  of  the  mamma, 
nerves,  and  skin,  however,  are  distinguished  by  their  common  occurrence  and 
great  practical  importance. 

Fibroma  of  the  mamma  is  almost  exclusively  confined  to  the  female  sex.  It 
is  hereditary  in  the  female  members  of  many  families,  and  may  be  present  even 
as  early  as  the  period  of  puberty.  In  other  cases,  the  development  of  fibroma 
only  begins  after  repeated  pregnancies  and  births,  in  which  cases  a  hereditary 
predisposition   cannot  always   be    proved,   since  disturbances   of  lactation   by 
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Fig.  354. — Nodiilar  fibroma  durum  of  the  labium  majus.    a,  Flat  connective  tissue  cells ;  b,  lymphoid  cells  ; 

c,  blood-vessels.     x500. 


suppuration  and  abscess  of  the  mamma  may  often  be  shown  to  be  the  exciting 
cause.     Sometimes  a  distinct  cause  cannot  be  traced. 

Fibroma  of  the  mamma  sometimes  appears  as  firm,  ill-defined  strands  of 
connective  tissue  which  run  through  the  organ,  fibroma  diffusum,  or  in  the  form 
of  rounded  nodules,  fibroma  tuberosum.  These  are,  as  a  rule,  primarily  multiple, 
so  that  the  several  nodules  present  in  one  breast  may  be  of  very  unequal  size. 
It  frequently  happens  that,  after  removal  of  one  or  several  tuberous  fibromata 
of  the  mamma  by  operation,  new  tumours  of  the  same  structure  arise  which 
give  the  appearance  of  a  recurrence  such  as  happens  in  malignant  tumours.  If 
a  mammary  gland,  affected  with  tuberous  fibroma,  be  minutely  examined,  a 
diffuse  hyperplasia  of  the  mammary  tissue  in  the  form  of  milky  opacities  may 
not  infrequently  be  observed  between  the  harder  tumour  nodules.     This  diffuse 
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fibromatoiis  tissue  explains  the  subsequent  appearance  of  new  tuberous  fibromata 
after  operative  removal  of  the  primary  tumour  nodules  (pseudo-recurrence). 


Fig.  355. — Fibroma  molle,  with  many  fixed  connective  tissue  cells.    From  a  nerve.    The  medullary  sheaths  of 
the  nerves  have  been  darkened  by  treatment  with  osniic  acid,    x  500. 


Within  the  mammary  fibroma  proliferating  glandular  constituents  are  always 
present,  although    in  varying    amount   (Fig.    356).      Should   these    be   more 


Fig.  356. — Multiple  primary  nodular  fibroma  of  the  mamma.    One  of  the  nodes  is  cut  through  and  the  cut 
surfaces  separated  to  show  the  dilated  lactiferous  ducts  contained  in  the  tumour.    Natural  size. 

extensively  developed,  the  tumour  becomes  a  fibro-adenoma  of  the  mamma.     In 
other  cases,  these  proliferating  glandular  remnants  form  cysts  in  the  mammary 
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fibroma,  into  which  papillary  growths,  covered  by  epithelium,  may  project  (see 
papilloma).  Lastly,  it  is  owing  to  these  irregular  epithelial  developments  that 
a  mammary  fibroma  may  become  a  mammary  carcinoma — a  not  uncommon 
transition. 

Peripheral  nerves  are  comparatively  frequently  the  site  of  fibromata  which 
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Fig.  357.— Fibroma  of  peripheral        Fig.  35S.— Fibroma  of  a  peripheral  nerve,    n,  n,  Trunk  of  the  nerve ;  p, 
nerves.    Half  natural  size.  perineurium ;  c,  endoneuriuiii  showing    flbromatous   growth.     The 

medullary  sheaths  are  darkened  by  treatment  with  osmic  acid,  so  that 
the  medullated  nerve  fibres  appear  as  black  lines.  After  a  preparation 
made  by  my  former  assistant,  Dr.  Westphalen.     x  12. 

are  usually  primary  and  multiple.  As  a  rule,  those  are  soft  cellular  tumours 
(Fig.  355)  which  arise  from  the  endoneurium  (v.  Recklinghausen).  The 
perineurium  is  only  slightly  thickened. 
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These  neuro-fibromata  appear  chiefly  as  spindle-shaped  thickenings  of  the 
nerve -bundles  (Figs.  357,  358).  Sometimes  these  spindle-shaped  thickenings 
are  so  numerous  that  the  nerve  undergoes  a  diffuse  or  irregular  nodular  thickening 
(Fig.  357).  If  the  smaller  spindles  are  examined  singly  in  longitudinal  section, 
the  nerve  fibres  passing  through  may  be  easily  distinguished  in  the  tumour, 
especially  if  the  nerve -sheaths  are  rendered  distinct  by  means  of  osmic  acid 
(Fig.  358).  If,  however,  the  tumour  becomes  larger,  the  fibres  can  only  be 
seen,  as  a  rule,  near  the  entrance  and  exit  of  the  nerve.  In  the  middle  of  the 
tumour,  the  sejDarate  nerve  fibres  are  scattered  over  too  large  an  area  and 
frequently  lose  their  medullary  sheaths,  so  that  their  detection  is  much  more 
difficult.     It  appears,  however,  that  the  physiological  function  is  only  slightly 


Fig.  359. — Plexiform  fibroma    on  the  nerves  of  the  arin.     Reproduced  from  a  photograph. 


if  at  all  impaired  by  the  tumour  formation  as  a  rule,  which  proves  that 
destruction  of  the  axis  cylinders  in  the  tumour  does  not  occur. 

Sometimes  the  neuro- fibroma  becomes  a  sarcoma  (v.  Recklinghausen, 
Modrzejewski),  which  may  spread  further  by  metastasis,  as  was  proved  by 
Westphalen  while  Avorking  in  my  laboratory. 

In  a  number  of  cases,  neuro-fibromata  appear  as  large  subcutaneous  tumours 
composed  of  densely  intert^Wned,  thick,  worm-like  cords.  These  are  the  nerves 
with  diffuse  fibromatous  thickening.  Since,  in  this  case,  even  slender  nerves 
may  also  be  changed  into  large  cords,  the  whole  tumour  not  infrequently 
attains  a  large  size,  as,  for  example,  the  tumour  which  was  extirpated  by  Dr. 
Zoege  V.  ManteufFel,  and  examined  by  v.  Gernet  under  my  direction  (Fig.  359). 

The  neuro-fibromata  just  described  were  formerly  regarded  as  neuromata. 
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and  this  opinion  is  still  adhered  to  by  Klebs.  It  seems  to  me,  ho^yever,  that 
the  alleged  demonstration  of  newly-formed  nerve  fibres  is  not  satisfactory,  so 
that,  in  consideration  of  the  large  proportion  of  connective  tissue  in  the 
tumours,  the  term  fibroma  is  preferable  in  any  case.  The  last-mentioned 
variety  of  tumour,  the  plexiform  or  racemose  fibroma,  has  been  very  thoroughly 
examined  and  described  by  Czerny,  P.  Bruns,  Nauwerk,  and  Hiirthle  and 
Herczel.  In  many  cases  they  take  on  the  character  of  eleplmntiasis — a  shapeless 
enlargement  of  individual  portions  of  the  body.  The  case  in  Fig.  359  may  be 
classed  with  these  tumours. 

Neuro-fibroma  is  very  often  associated  with  fibroma  of  the  shin  (v.  Reckling- 
hausen). In  Fig.  359  some  relatively  small  cutaneous  fibromata  of  this  kind 
are  seen  on  the  skin  of  the  thorax.  In  other  cases,  the  simple,  spindle-shaped 
neuro-fibromata  of  the  skin — also  called  molluscum  fibrosum,  from  their  soft 
consistence — are  to  be  seen  over  the  whole  surface  of  the  skin  in  very  large 
numbers,  in  the  form  of  wart-like,  sometimes  pedunculated  growths.  Fig. 
360  shows  a  portion  of  the  skin  of  the  breast  with  such  neuro-fibromata, 
reduced  in  size.     Microscopical  examination  proves  that  these  fibromata  of  the 


Fig.  360. — Portion  of  skin  showing  numerous  neuro-fibromata.    Tliree-fourths  natural  size. 


skin  are  also  to  be  regarded  as  neuro-fibromata,  as  fibromata  formed  on  the 
peripheral  terminations  of  the  cutaneous  nerves  (v.  Recklinghausen).  The 
tension  of  the  skin  causes  these  small  tumours  during  their  growth  to  extend 
from  the  skin  into  the  subcutaneous  tissue,  or  to  be  pushed  up  above  the  free 
surface  of  the  skin.  In  the  latter  case  they  carry  with  them  the  most 
superficial  layers  of  the  corium  and  the  stratum  papillare,  as  well  as  the  rete 
Malpighi  and  the  superficial  layers  of  the  epidermis.  The  hair  follicles  and 
glands  of  the  skin  are  sometimes  also  raised  with  it,  and  are  to  be  found  in 
varying  numbers  within  the  little  tumom's. 

The  neuro-fibromata  of  the  skin  are  sometimes  present  even  at  birth,  or  in 
the  first  years  of  life.  In  such  cases,  however,  the  cutaneous  tumours  tend, 
as  years  go  on,  to  increase  greatly  in  size  and  number. 

Besides  the  tumours  just  described,  a  number  of  other  fibromatous  tumoui's 
of  the  skin  require  separate  description. 

Among  these  should  now  be  mentioned  the  elephantiasis-like  fibroma,  which 
cannot  be  proved  to  be  associated  Anth  neuro-fibroma  (Lahmann,  Jordan). 
In  these  cases  neither  the  thick  worm-like  cords  of  the  plexiform  neuroma  nor 
the  spindle-shaped  neuro-fibroma  are  present,  and,  in  the  place  of  subcutaneous 
tissue,  there  is  a  thick  layer  of  connective  tissue,  sometimes  infiltrated  by  fatty 
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tissue,  which  passes  imperceptibly  into  the  skin  proper.  Separate  parts  of  the 
body  may  thus  attain  an  enormous  size.  In  other  cases  the  elephantiasis  of 
the   parts  is   only   slight,  as   in   Fig.   361.     This   represents   a  pedunculated 


Fig.  361. — Elephantiasis  of  the  labium  inajus.and  the  clitoris,  with  a  pedunculated  fibroma  attached.    The 
tumour  .shows  a  large  ulcer  due  to  pressure.    Half  natural  size. 

fibroma   on   the   labium  majus,  which   is   thickened.      In   this   case,  also,  the 
thickening  is  not  connected  Avith  nerves. 

The  term  imrt  is  applied  to   the   flat  or   irregularly -rounded   fibromata 
which  project  above  the  general  surface  of  the  skin,  and  are  covered  with  the 


Fig.  362.— Xanthelasma  tuberosum,  x600. 


rete  Malpighi  and  superficial  epidermis.  In  many  cases  they  are  plentifully 
supplied  with  rounded,  plasmatic,  connective  tissue  cells  {soft  warts),  or  they 
consist  of  firm  fibrous  tissue  (liard  warts).  Many  are  deeply  pigmented,  in 
which  case  the  pigment  which  is  developed  in  situ  is  located  either  in  the 
rete  Malpighi  or  in  the  connective  tissue,  generally  in  both  {pigmented  tvarts). 
Ncemis  or  mother's  mark  is  a  small  organoid  tumour  of  the  skin  which  is 
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visible  at  birth.  The  chief  varieties  are  the  fihrous,  the  ]oigmentecl,  and  the 
vascular  n^e^d.  The  last  mentioned  will  be  again  considered  under  Angiomata. 
The  first  two  not  infrequently  appear  as  congenital  warts.  Their  importance 
is  due  to  the  fact  that  in  later  life  they  are  occasionally  transformed  into 
cellular  tumoiu's,  into  pigmented  or  non-pigmented  sarcomas,  and,  should  the 
epithelium  take  on  rapid  growth,  into  carcinomas. 

The  soft  Avarts  include  the  xanthehsma,  a  tumour  consisting  of  plasmatic, 
connective  tissue  cells,  and  coloured  bright  yellow  by  the  yellow  fat  drops 
enclosed  in  the  cells  (Fig.  362).  Those  are  sometimes  found  as  small,  flat  new 
growths  on  the  skin  of  the  eyelid.  In  other  cases  the  tumours  are  bigger, 
xanthelasma  tuberosum,  and  are  found  in  many  parts  of  the  body. 

Keloid  is  a  formation  which  may  occur  spontaneously  or  as  a  consequence 
of  injury.  It  is  an  irregularly-formed,  occasionally  radiating  new  formation 
of  cicatricial  tissue,  situated  in  the  skin  and  sn.bcutaneous  tissue.     Some  keloid 

growths  develop  into  angiomata,  others  into 
sarcomatous  cellular  tumours. 

Melano-fibroma,  or  melanoma  fhrosum,  is  an 
autochthonous  pigmented  fibroma,  occurring 
most  frequently  as  a  pigmented  najvus  or 
pigmented  wart  of  the  skin  (Fig.  363).  Small 
flat  tumours  with  black  pigment,  which  are 
woithy  of  note,  occur  occasionally  in  the  eye, 
as  melanoma  of  the  iris  and  choroid. 

Psammo-fihroma  is  a  tumour,  usually  soft, 
vascular,  and  cellular,  characterised  by  the 
presence  of  numerous  laminated  calcareous 
concretions  (Fig.  271,  p.  405).  These  tumours 
are  developed  mainly  in  the  pia  and  dura 
mater  and  the  choroid  plexus  of  the  brain. 
They  are  very  rarely  present  in  other  places. 
They  may  develop  into  psammo-sarcoma  by 
an  increase  of  their  cellular  constituents. 
The  presence  of  such  sand  givanules  is  not 
by  any  means  limited  to  fibroma  and  sarcoma.  On  the  contrary,  psammo- 
glioma  and  psammo-carcinoma  are  also  known. 


Fig.  363. — Melano-fibroma  of  the  skin. 
Pigment  cells,    x  1000. 
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2.  Lipoma 

Lipoma  is  a  tumour  consisting  of  fatty  tissue.  According  to  the  predomin- 
ance of  fat  cells,  connective  tissue,  or  blood-vessels,  there  may  be  distinguished 
li^onw,  molle,   lipoma  fibrosum,   lipoma  teleangiedaticim,   and   lipoma  cavernoswn. 


Fig.  364.— Lipoma  fibrosum  from  the  subcutaneous  cellular  tissue  of  the  shoulder  in  a  child  of  two  and  a  half 
years.    The  dark  areas  consist  of  fatty  tissue,  the  light  reticulum  is  fibrous  tissue.    Two-thirds  natural  size. 


Among  the  mixed  tumours  the  combination  of  lipoma  and  myxoma,  lipoma 
myxomatodes,  must  be  specially  mentioned.  This  is  to  be  distinguished  from 
lipoma  "with  myxomatous  degeneration,  lipoma  mucinosum.  Ossification  and 
petrification  is  also  seen  in  lipoma,  lipoma  ossificum  and  lipoma  petrificum. 

Lipoma  is,  relatively,  a  very  benign  ^•-— x 

tumour  which  never  forms  metastases, 
and  can  only  develop  a  cellular  variation 
and  give  rise  to  sarcoma  after  previous 
conversion  into  fibroma  or  myxoma. 
Any  injury  produced  by  lipoma  is  prin- 
cipally   through    pressure    on    the    sur- 


rounding   tissues    and    organs.       Large 


lipomas  cause  discomfort  to  the  patient 
by  reason  of  their  Aveight. 

Lipomas  occur  wherever  fat  is  found 
under  normal  circumstances,  either  as 
solitary  or  as  multiple  primary  tumours. 
They  are  found  chiefly  in  the  subcutane- 
ous fatty  tissue,  in  the  intermuscular, 
and  in  the  intertendinous  tissue  (Fig. 
364).  In  the  subcutaneous  tissue  they 
are  most  common  in  the  region  of  the 
neck  and  shoulders,  but  are  by  no  means 
infrequent  in  other  parts  of  the  body, 
however.  They  occur  in  the  above 
situation  as  tuberous  tumours.  Between 
the  muscles  and  tendons  they  appear,  as  a  rule,  irregularly  lobulated  (Fig.  365). 

Lipomata  are  comparatively  frequent  in  the  peritoneum,  mamma,  and 
kidneys.  Lipoma  of  the  p)eritoneum  sometimes  occurs  in  a  polypoid  form,  the 
tuberous  tumour  being  raised  above  the  free  surface  of  the  peritoneum  and 
only  connected  ^vith  it  by  a  peduncle.  Lipomata  are  also  found  on  the  pouch- 
like projections  which   the   peritoneum   sends   into  the  inguinal  and  femoral 


Fig.  305. — Soft  lobulated  lipoma  developed  between 
the  tendons  of  the  palm.  Three-fifths  natural 
size. 
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canals  and  other  openings  in  the  abdominal  wall  for  the  transmission  of  vessels. 
In  the  mamma  many  lipomata  form  large,  lobulated  tumours.  In  the  kidney 
lipoma  is  found  extending  along  the  large  divisions  of  the  vessels  at  the 
boundary  between  medulla  and  cortex,  or  between  the  connective  tissue  layers 
of  the  capsule  of  the  kidney,  as  flat,  disc-shaped  tumours,  and  lastly,  in  the 
loose  cellular  tissue  round  about  the  kidney  {capsular  lipoma).  This  last  is  very 
often  found  associated  with  cirrhosis.  Great  development  of  the  epicardial 
fat  which  surrounds  the  heart  in  thick  masses  is  sometimes  called  capsular 
lipoma  of  the  heart.  This  term,  however,  is  only  justifiable  when,  from  some 
cause,  an  independent  development  of  fatty  tissue  can  be  demonstrated. 

The  development  of  lipomata  is  decidedly  favoured  by  a  tendency  to  obesity. 
The  autonomous  nature  of  the  tumour  is,  however,  manifest  as  soon  as  the 
excessive  fat  of  the  body  disappears,  from  any  impairment  of  the  general 
nutrition.     In  these  cases  the  lipoma  remains,  as  a  rule,  unaltered. 

Lipomata  are  usually  sharply  separated  from  surrounding  parts  by  connective 
tissue  septa,  and  may  therefore  be  easily  shelled  out  in  operations. 
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3.  Myxoma 

Myxoma  consists  of  mucoid  tissue  containing  blood-vessels.  Mucoid  tissue 
is  distinguished  from  connective  tissue  by  its  soft,  gelatinous  consistence,  and 
by  the  great  quantity  of  the  homogeneous  intercellular  substance  containing 
mucin  which  is  present.  The  mucin  may  sometimes  be  demonstrated  without 
further  preparation  as  a  white  precipitate  which  appears  whenever  dilute  acetic 
acid  is  brought  into  contact  with  the  tumour.  Besides  the  homogeneous 
intercellular  substance,  some  gelatinous  substance  and  some  elastic  fibres  and 
rounded  or  branching  cells  (Fig.  366)  are  present  as  a  rule. 

Since  those  component  parts  are  present  in  unequal  amount  in  different 
cases,  we  may,  like  Virchow,  distinguish  different  subdivisions,  myxoma 
gelatinosum,  which  is  largely  supplied  with  homogeneous  intercellular  substance  ; 
myxoma fihrosum, 'with.  2i  gVQSit  development  of  fibrillar  intercellular  substance; 
myxoma  meduUare,  distinguished  by  the  increase  of  its  cellular  elements  and 
forming  the  transition  to  the  corresponding  cellular  form  of  tumour,  the  myxo- 
sarcoma ;  myxoma  teleangiectaticum,  furnished  with  numerous  capillaries  ;  myxoma 
cavernomrn,  containing  many  cavernous  blood-vessels.  To  these  are  added  the 
transition  forms  to  lipoma,  myxoma  lipomatodes,  and  enchondroma,  myxoma 
cartilagineum,  and  lastly,  the  myxoma  cystoides,  distinguished  by  central  mucoid 
softening  and  liquefaction  of  the  tumour. 

Mucoid  tissue  only  occurs  in  the  adult  human  body  in  the  vitreous  humour 
of  the  eye,  a  region  where  no  myxomata  are  formed.  Therefore,  the  struc- 
ture of  myxoma  always  shows  a  certain  deviation  from  the  structure  of  the  part 
where  it  occurs.  It  is  heterologous  within  narrow  limits.  It  should, 
accordingly,  rank  among  the  organoid  tumours  as  a  relatively  malignant 
tumour,  the  malignancy  being  shown  by  its  tendency  to  pass  into  myxo- 
sarcoma. A  metastatic  myxoma  has  also  been  described  Avhich  should  certainly 
be  reckoned  among  the  myxo-sarcomas.  The  fact  that  the  diff'erent  forms 
of   connective    tissue   may  pass    into    each    other   by  metaplasia   gives    some 
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explanation  of  the  localisation  of  myxomas ;  so,  also,  does  the  fact  that  in  the 
fcBtus  the  connective  and  fatty  tissues  are  both  preceded  by  mucoid  tissue. 
This  explains  Avhy  fibroma  and  lipoma  may  be  replaced  by  myxoma.  Accord- 
ingly, myxoma  is  very  frequently  found  in  the  subcutaneous  and  intermuscular 
tissue — a  localisation  similar  to  that  of  lipoma.  Myxoma  is  further  frequently 
found  in  the  mamma  and  in  other  glands,  such  as  the  salivary  glands  and  the 
testicle.     Xeuro-fibromata  also  sometimes  become  myxomatous. 

The  imjxoinata  of  the  mucous  membranes  are  the  only  ones  which  require  to 
be  separately  considered.  These  occur  either  as  single  or  as  primary  multiple 
growths  in  the  mucous  membrane  of  the  nose,  the  larynx,  the  digestive  tract, 
the  uterus,  and  other  organs.  They  sometimes  contain  a  large  number  of 
enlarged  mucous  glands.     Myxoma  of  the  nasal  mucous  membrane,  the  larynx, 


Fig.  366. — Myxoma  gelatinosa  of  the  subcutaneous  tissue,  x570. 

and  the  uterus  are  often  associated  with  chronic  catarrhs  of  these  mucous 
membranes,  which,  undoubtedly,  are  of  considerable  etiological  importance  as 
regards  the  development  of  myxoma.  In  consequence  of  catarrh — that  is,  in 
consequence  of  some  toxic  or  infective  action — the  mucous  membrane  proliferates, 
and  this  leads  to  diffused  thickening.  In  some  of  the  cases,  at  least,  polypoid 
tumour-like  myxomatous  growths,  with  a  broad  base,  are  also  present.  As, 
however,  the  chronic  catarrhs  which  lead  to  hyperplasia  of  the  mucous 
membranes  are  not  always  associated  with  myxomatous  growths,  and,  on  the 
other  hand,  myxomata  are  also  found  on  mucous  membranes  which  are 
otherwise  normal,  catarrh  cannot  be  accepted,  in  any  case  perhaps,  as  a 
sufficient  cause.  It  is  so  much  the  more  necessary  that  other  etiological 
factors  should  be  sought  which  are  founded  upon  individual  peculiarities. 

Myxoma  of  the  chorionic  villi  has  already  been  described  under  JVIalforraations 
(p.  196,  et  seq.) 
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4.  Chondroma 

Tumours  consisting  of  cartilaginous  tissue  are  described,  generally,  as 
chondromata.  They  contain  hyaline,  fibro  or  elastic  cartilage,  or  other  forms  of 
cartilage  which  are  distinguished  from  those  mentioned  by  a  somewhat 
different  arrangement  of  the  cells  (Fig.  367).  To  the  naked  eye  the  tissue  is 
always  distinguished  by  its  opalescence  and  its  hardness.  The  hardness  is 
present  to  some  extent  even  when  the  cartilage  is  rendered  more  transparent 
by  increase  of  the  water  and  mucin  it  contains. 

The  cartilaginous  tissue  of  the  chondroma  has  few  or  no  blood-vessels.  It 
is  nourished  by  an  enclosing  vascular  membrane  like  a  perichondrium.  In  the 
larger  cartilaginous  tumours  there  are  also  vascular  connective  tissue  septa 
which  traverse  the  cartilaginous  tissue  in  many  directions  and  divide  it  into 
small  islets  of  cartilage  (Fig.  367,  «). 

Cartilaginous  tumours  originate  either  by  the  growth  of  normal  pre-existing 


a  b 

Fig.  367. — Chondroma  of  the  finger  showing  stellate  cells,    o,  Connective  tissue  and  transverse  section  of  a 

vessel ;  b,  cartilage  with  stellate  cells,    x  600. 

cartilage,  ecchondroma,  or  they  develop   from  the   other    forms   of    connective 
tissue,  especially  from  connective  tissue  proper,  enchondroma. 

Ecchondromata  appear  as  rounded  or  polypoid  outgrowths,  which  are  gener- 
ally multiple  from  the  first,  from  the  costal  cartilages,  the  larynx,  the  tracheal 
cartilages,  the  intervertebral  discs,  and  other  structures  containing  cartilage. 
They  frequently  undergo  myxomatous  softening,  petrification,  and  ossification. 
The  spheno-occipital  ecchondrosis  is  of  special  interest.  It  is  a  cartilaginous 
tumour  Avhich  grows  up,  raising  the  dura  before  it,  from  the  cartilaginous 
symphysis  between  the  bodies  of  the  sphenoid  and  occipital  bones,  which  is 
not  ossified  until  the  end  of  the  period  of  growth.  The  hypothesis  that  this 
tumour  is  to  be  regarded  as  a  growth  of  the  anterior  extremity  of  the  noto- 
chord  cannot  be  maintained,  however.  Later,  when  the  symphysis  is  ossified, 
this  tumour  assumes  a  peculiar  appearance.  It  is  then  placed  with  a  short 
l^eduncle  on  a  small  conical  elevation  on  the  surface  of  the  bone  and  is  firmly 
adherent  to  the  dura  mater. 
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Enchonclromata  are  very  frequent  on  the  hones,  where  they  originate  either 
in  the  periosteum  or  the  bone-marrow,  but  never  from  the  articular  cartilages. 
Among  the  long  bones  they  select,  in  preference,  the  small  long  bones  of  the 
hand  and  foot,  especially  the  phalanges.  They  are  fairly  common  on  the 
femur,  and  in  this  situation  may  grow  to  a  very  large  size.  The  enchondromata 
of  the  phalanges  of  the  fingers  and  toes,  on  the  other  hand,  are  small  tumours 
which  occasionally  become  as  large  as  a  fist,  are  frequently  multiple  primary 
growths,  occurring  on  several  phalanges,  and  may  appear  within  the  first  few 
years  of  life.  Among  other  parts  of  the  skeleton  the  flat  bones  of  the  pelvis 
and  shoulder-girdle,  and  the  under  and  upper  jaw  are  often  affected.  The 
enchondroma  of  the  pelvis  and  shoulder-girdle  grow  to  a  specially  large  size. 

Enchondromata  of  the  soft  jMvts  are  also  not  infrequently  observed  in  the  skin 
of  the  face,  the  fasciae,  the  lungs,  mamma,  parotid  and  submaxillary  glands, 
and  in  the  testicle.  Some  of  the  enchondromata  of  the  skin  of  the  face 
are  to  be  classed  with  the  auricular  appendages  which  have  already  been 
mentioned  (p.  202),  and  are  therefore  tumours  in  connection  with  imperfect 
closure  of  the  embryonic  clefts. 
The  enchondromata  of  the 
salivary  gland  and  testicle  are 
the  most  common  which  are 
found.  The  enchondromata 
in  both  these  situations  are 
distinguished  by  the  fact 
that  they  very  frequently 
appear  as  mixed  tumours. 
The  mixed  tumour  of  the 
parotid  and  submaxillary 
glands  (Fig.  368)  consists,  as  a 
rule,  of  fibro  -  cartilage,  which 
contains  a  greater  or  less 
quantity  of  irregular  epithelial 
elements.  This  epithelium  is 
derived  from  the  acini  of  the 
gland,  remains  of  the  original 
tissue  which  have  been  en- 
closed by   the   tumour  (Fig.    369) 


Fig.  368.— Section  through  a  mixed  tumour  of  the  parotid  gland. 
The  darker  areas  consist  of  cartilage,  the  lighter  ones  of  con- 
nective tissue  and  proliferating  epithelium.  Two-thirds  natural 
size. 


Connective  and  mucoid  tissue  is  also 
occasionally  met  with  in  these  tumours,  and  also,  under  certain  circumstances, 
cellular  variations  in  the  form  of  sarcomata  and  carcinomata.  The  mixed 
tumours  of  the  testicle  are  similar,  except  that,  as  a  rule,  hyaline  cartilage 
takes  the  place  of  fibro-cartilage.  Besides  this,  it  seems  to  me  that  the  mixed 
tumours  of  the  testicle  become  sarcomatous  sooner,  and  this  sarcoma  is 
relatively  very  malignant  in  character. 

From  these  mixed  tumours  of  the  salivary  gland,  and  more  frequently  still 
from  those  of  the  testicle,  metastases  originate  by  means  of  the  blood  and 
lymph  channels.  The  metastases  may  be  sarcomatous  or  carcinomatous  in 
character.  Simple  enchondroma  may  also  sometimes  extend  by  means  of 
metastasis.  In  order  that  this  may  occur,  it  is  apparently  necessary  that  the 
intercellular  substance  should  previously  undergo  myxomatous  softening. 
Small  rounded  local  metastatic  growths,  from  the  size  of  a  bean  to  that  of  a 
walnut,  are  to  be  found  among  the  muscles  in  the  neighbourhood  of  large, 
centrally  softened  enchondromata  of  the  shoulder,  the  pelvic  girdle,  or  of  the 
femur.     Sometimes  metastatic  nodules  of  enchondroma  are  also  found  in  the 
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internal   organs,  especially    in    the    lymph -glands    and    the    lungs.     In    these 


Fig.  369.— Mixed  tumour  of  the  parotid,  consisting  of  libro-cartilage  and  proliferating  glandular  cells, 

e,  e,  e,  x  313. 

situations  an  ingrowth  of  the  cartilaginous  masses  of  the  primary  tumour  into 
the  great  veins  may  in  some  cases  be  observed  (Virchow). 


Fig.  370.— Osteoma  spongiosum  of  the  lower  jaw,  x  1S3. 

Enchondroma  is  thus  one  of  the  malignant  varieties  of  organoid  tumours, 
even  although  the  metastasis  occurs  relatively  late.     Large  superficially  placed 
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enchondromata  may  prove  dangerous  in  another  way.  The  softened  central 
portion  of  the  tumour  sometimes  ruptures  externally  through  the  skin  and 
begins  to  suppurate.  An  ulcer,  which  shows  no  disposition  to  heal,  is  formed, 
extending  from  the  surface  of  the  skin  deeply  into  the  tumour  mass.  This 
atonic  ulcer  of  cartilage  exposes  the  patient  to  all  the  risks  of  general  septic 
infection. 

5.  Osteoma 

Tumours    which    consist    of    osseous    tissue    are    termed    osteomata.       A 
distinction  is  made  between  osteoma  eburneum,  which  is  formed  of  compact  bony 
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Fig.  371.— Coutiiiuous,  tendinous  osteoma  in  the  linea 
aspera  of  tlie  femur. 


Fig.  372. — Central  osteoma  eburneum  of  the  femur. 
Half  natural  size. 


substance,  osteoma  spongiosum,  which  corresponds  in  structure  with  the  spongy 
part  of  normal  bone  (Fig.  370),  and  osteoma  meduUosum,  which  presents  a 
covering  of  compact  bone  with  a  central  medullary  space. 

Very  many  osteomata  arise  from  the  bones.  They  are  seated  either  on  the 
surface  (cortical  osteomata,  exostoses),  or  they  are  found  in  the  interior  of  bones 
(central  osteomata,  enostoses). 

Characteristic  forms  of  cortical  osteomata  are  frequently  found  in  the 
vault  of  the  cranium,  in  the  form  of  flat,  nummular,  and  warty  bony 
excrescences  on  the  outer  table.  These  are  undoubtedly  periosteal  in  origin. 
In  other  cases  the  osteoma  is  situated  at  the  point  of  attachment  of  fasciae, 
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tendons,  and  ligaments.  These  fascial,  tendinous,  and  ligamentous  osteomata 
may  be  firmly  united  Avitli  the  bone  (continuous  fascial,  tendinous,  and 
ligamentous  osteoma),  as  is  seen,  for  example,  in  the  osteoma  situated  in  the 
linea  aspera  of  the  femur  in  Fig.  371.  In  other  cases  this  connection  is 
absent,  and  the  osteomata  lie  separate  from  the  bone,  in  one  of  the  above-named 
connective  tissue  structures  (discontinuous  tendinous,  fascial,  and  ligamentous 
osteomata). 

As  an  example  of  central  osteoma  we  may  take  the  small  tumour  repre- 
sented in  Fig.  372,  Avhich  is  situated  in  the  spongy  part  of  the  neck  of  the 
femur.  The  central  osteomata  of  the  cavities  of  the  bones  of  the  face, 
especially  the  antrum  of  Highmore  and  the  frontal  sinus  (Fig.  373),  are  of 
greater  importance.     These,  by  their  progressive  growth,  cause  the  absorption 


Pig.  373. — Large  osteoma  growing  from  the  frontal  sinuses,  and  penetrating  below  the  skin  into  the  left  orbit, 
the  nasal  and  orbital  cavities.  The  tumour  was  partly  spongy,  partly  ivory -like  iu  character.  The  depres- 
sion in  the  skull  above  and  below  the  tumour  corresponds  to  the  enlarged  frontal  sinuses  which  have  been 
opened  anteriorly.    Smaller  than  natural  size  (after  J.  Arnold). 


of  the  bony  walls  of  these  cavities,  appear  beneath  the  skin  and  break  into  the 
orbit  or  cranial  cavity. 

Osteomata  of  the  soft  parts  may  arise  by  ossification  of  ecchondroses  and 
enchondromata,  or  they  are  produced  directly  from  the  connective  tissue  of 
organs  by  a  process  of  metaplasia  or  neoplasia.  The  most  common  forms  of 
this  group  of  tumours  occur  as  small  plates  and  fragments  of  bone  or  osteoid 
tissue,  which  appear  as  primary  multiple  growths  in  the  pia  mater  of  the  spinal 
cord.  Flat,  bony  growths  between  the  connective  tissue  lamella  of  the  dura 
mater  are  more  rare.  One  of  these,  which  had  developed  in  the  falx  cerebri, 
is  represented  in  Fig.  374  (natural  size).  They  are  analogous  to  cup-shaped 
osteomata  of  the  choroid  and  sclerotic,  while  the  osteomata  of  the  vitreous 
correspond  to  those  of  the  skin.  Bony  growths  occur  occasionally  in  many 
other  organs,  in  the  lungs,  in  the  mucous  membrane  of  the  trachea,  in  the 
brain,  in  the  penis,  and  in  the  muscular  system.     Many  of  these,  however,  arise 
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in  consequence  of  local  lesions  of  various  kinds,  so  that  they  do  not  always 
preserve  the  autonomous  character  of  tumours. 

The  osteoid  tumours  form  a  special  group.  They  consist  principally  of  osteoid 
tissue — that  is,  of  a  tissue  which  presents  the  essential  characters  of  bone,  but  is 
devoid  of  bony  salts  (Fig.  375).  Since  the  tissue  has  also  been  termed  bone 
cartilage,  these  tumours  have  been  termed  osteoid  chondromata,  and  where  they 
pass  into  the  cellular  form,  osteoid  sarcomata.  Osteoid  tissue  can,  however,  be 
readily  distinguished  with  the  naked  eye  from  cartilage  proper  by  its  fine 
spongy  structure.  It  is  traversed  by  numerous  Haversian  canals  carrying  blood- 
vessels, which,  as  a  rule,  run  in  a  direction  at  right  angles  to  the  surface  of  the 
tumour. 

The  osteoid  tumours  chiefly  affect  the  larger  long  bones,  such  as  the  femur 
and  humerus,  from  the  periosteum  of  Avhich  they  arise. 

The  osteomata  of  the  teeth,  or  dental  osteomata,  grow  from  the  cement  of  the 
tooth,  which,  as  is  well  known,  consists  of  true  bony  tissue.  They  arise  from 
the  root  of  the  tooth,  where  they  form  outgro^A^ths  of  varying  size.  On  the 
other  hand,  the  odontomatu,  which  consist  of  dentin,  occur  not  only  on  the  root. 


Fig.  374.— Osteoma  duriE  inatris  from  the  falx 
cerebri.    Natural  size. 


Fig.  375. — Osteoid  tissue,  n,  in  process  of  transfor- 
mation into  osseous  tissue.  From  an  osteoid  sar- 
coma of  the  femur,     x  400. 


but  also  on  the  neck  and  on  the  crown  of  the  teeth.  They  form  hemispherical 
or  almost  spherical  projections  which  may  reach  the  size  of  a  pigeon's  egg. 
They  are  sometimes  associated  with  the  coalescence  of  two  teeth  which  have 
been  retained  within  the  jaw — a  malformation  which  indicates  that  the  odonto- 
mata  are  formed  in  consequence  of  a  disturbance  of  nutrition. 
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6.  Glioma 

Gliomata  consist  of  neuroglia,  the  supporting  substance  peculiar  to  the  central 
nervous  system,  and  of  blood-vessels.  The  vessels  have  a  connective  tissue 
sheath  derived  from  the  mesoblast,  resembling  the  pia  sheath  round  the  small 
vessels  in  the  brain.  The  neuroglia,  however,  is  distinguished  in  a  marked 
fashion  from  the  other  interstitial  tissues,  not  only  by  its  derivation  from  the 
epiblast,  but  also  by  its  histological  structure.  The  cells  of  the  neuroglia  have 
a  brush-like  or  spidery  appearance  (brush  and  spider  cells  of  Deiters),  while  the 
intercellular  substance  is  distinguished  by  its  finely  fibrous  character  (Fig.  376). 
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The  quantity  of  cells  in  a  glioma  is  variable.  Fig.  376  shows  a  thin  section 
of  a  glioma  with  few  cells.  In  a  cellular  glioma  the  cells  are  so  closely  placed 
that  their  protoplasmic  processes  are  either  indistinguishable  or  absent.     The 


Fig.  376.— Glioma  with  few  cells  from  the  pons  Varolii,  x600. 


cell  nucleus  is  enclosed  Avithin  a  thin  rim  of  protoplasm,  and  only  a  small 
quantity  of  homogeneous,  or  fibrillated,  intercellular  substance  can  be  seen 
between  the  cells  (Fig.  377). 

The   consistence  of  the  tumour  is  influenced  by  the  number  of  its  cells. 


Fig.  377. — Very  cellular  glioma  of  the  pons  Varolii,  traversed  by 
processes  of  the  pia  mater,  x  70. 


Fig.  37S. — Glioma  from  the  cervical 
part  of  the  cord.  The  tumour  is 
shaded  dark  to  distinguish  it  from 
the  gray  and  white  substance  of 
the  cord  which  it  is  compressing 
all  round  about  it.  Magnified 
15:5. 


Generally  speaking,  the  glioma  molle  is  more  cellular,  the  glioma  durum  less  so. 
In  addition  to  these  varieties  there  are  the  glioma  tekangiectaticum  and  the 
psamrno- glioma,  the  latter  of  which  is  distinguished  by  the  presence  of  calcareous 
laminated  concretions.  Central  disintegration  with  the  formation  of  cavities  by 
softening  are  not  infrequently  observed,  glioma  ajstoidcs. 

Gliomata  are  limited  exclusively  to  the  central  nervous  system  and  to  those 
parts  of  the  peripheral  nervous  system  which  are  developed  as  outgrowths  from 
the  embryonic  cerebral  vesicles,  viz.  the  retina,  optic  nerve,  and  olfactory  lobe. 
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In  the  spinal  cord  glioma  arises  chiefly  from  the  gray  matter,  and  when  it 
attains  a  large  size,  forms  a  tumour  Avhich  extends  for  a  great  distance  along, 
and  causes  a  cylindrical  thickening  of  the  spinal  cord  (syringomyelia).     The 


Fio.  379.  —Diffuse  glioma  of  the  left  half  of  the  pons.     Natural  size. 

parts  of  the  cord  which  surround  the  tumour  are  pushed  toward  the  periphery 
and  are  so  compressed  that  nervous  conduction  is  more  or  less  impaired  (Fig. 
378).  These  tumours  are  very  frequently  hollow,  either  from  dilatation  of 
the  central  canal  or  from  cystoid  softening.      Similar  tumours  are  found  in  the 


Fig.  380.— Transverse  section  through  the  glioma  shown  in  Fig.  379,  taken  through  the  lower  half  of  the  pons.  On 
the  right  the  superficial  and  deep  fibres  of  the  pons  are  seen  with  the  pyramidal  tract  (p)  between  them. 
The  nucleus  of  the  facial  nerve  and  the  lower  end  of  the  superior  olive  (/o)  are  also  seen.  The  left  half 
of  the  pons  is  greatly  enlarged  by  the  dift'use  growth  of  the  glioma.    Magnified  13  :  10. 

pons,  cerebellum,  cerebral  cortex,  and  cerebral  ganglia.  These  may  either 
present  a  tuberous  shape,  or  they  may  appear  as  a  more  diffuse  hyperplasia  of 
individual  parts  of  the  central  nervous  system  (Figs.  379,  380).  In  the 
latter  case,  the  processes  of  neuroglia  penetrate  between  the  nerve  fibres  and 
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ganglion  cells,  as  is  illustrated  by  the  section  reproduced  by  my  fellow-worker, 
Dr.  N.  Sokoloff  (Fig.  380).  Under  these  circumstances,  the  glioma  contains,  of 
course,  a  great  many  ganglion  cells  and  nerve  fibres.  These,  however,  are  only 
the  remains  of  the  original  tissue,  so  that  it  does  not  appear  necessary  to 
establish  a  separate  variety  of  tumour,  the  neuroglioma  ganglio-cellulare. 

Gliomata  of  the  brain  and  spinal  cord  frequently  occur  early,  even  within 
the  first  few  years  of  life.  They  are,  as  a  i^ule,  slowly- growing  tumours. 
They  interfere  with  individual  nerve-tracts,  but  for  a  long  time  do  not  cause 
any  serious  symptoms  of  cerebral  anaemia.  It  is  only  when  they  attain  a  con- 
siderable size  or  become  rapidly-growing  sarcomata  that  these  tumours  seriously 
encroach  upon  the  space  within  the  skull,  and  so,  by  increase  of  intracranial 
pressure,  give  rise  to  compression  of  the  capillaries  and  general  cerebral  anaemia 
(see  p.  299). 

Glioma  of  the  eye  must  be  considered  separately.  It  grows  from  the  nuclear 
layer  of  the  retina,  a  circumstance  which  finds  its  analogy  in  the  cerebellum 
where  glioma  develops  from  the  granular  layer.  Glioma  which  originates  in 
the  retina  afterwards  grows  into  the  vitreous  humour  of  the  eye.  It  then 
quickly  makes  its  Avay  through  the  sclerotic  and  appears  in  the  fatty  tissue  of 
the  orbit.  This  penetration  of  the  sclerotic  is  characteristic,  as  a  rule,  of  the 
transition  of  the  tumour  into  glio-sarcoma.  The  glio-sarcomata  of  the  eye  are 
distinguished  by  their  highly  malignant  nature.  They  grow  rapidly,  frequently 
return  after  extirpation,  and,  by  means  of  the  blood-vessels,  lead  to  metastatic 
growths  in  the  internal  organs. 
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7.  Angioma 

Angiomata  may  be  divided  into  hsemangiomata  and  lymphangiomata. 

Ha'mangiomata  consist  of  blood-vessels,  arteries,  capillaries,  and  veins. 
Sometimes  a  cavernous  tissue,  like  that  normally  met  with  in  the  corpora 
cavernosa  of  the  penis,  appears  in  the  place  of  the  capillaries.  BetAveen  the 
blood-vessels  lies  a  small  amount  of  connective  tissue  or  one  of  the  related  forms 
of  tissue.  If  this  tissue  occurs  in  great  quantity,  mixed  tumours  are  formed, 
teleangiectatic,  arterio- vascular,  and  cavernous  fibroma,  lipoma,  myxoma,  sarcoma, 
etc.,  which  have  also  received  the  name  of  false  angioma  or  angioma  .spurium. 

The  nature  of  the  true  angioma,  in  which  the  chief  portion  consists  of 
blood-vessels,  is  determined  by  the  characteristics  of  the  latter.  Their  sub- 
divisions may  accordingly  be  distinguished  : — 

Hceniangioma  telecmgiedaticum  or  teleangiectasis  is  distinguished  by  its  very 
great  development  of  caj)illaries  and  relatively  scanty  formation  of  arteries  and 
veins  (Fig.  381). 

Hceniangioma  arteriole  or  tumoi'  vasculosus  arterialis  is  made  up  of  numerous 
small  arteries  Avith  a  relatively  small  development  of  capillaries  and  veins 
(Fig.  382). 

Hcemangioma  cavernosum,  also  called  simply  tuimjr  cavernosus,  shows 
numerous  cavernous  blood  sinuses  lined  with  epithelium,  which  are  interposed 
between  the  branches  of  the  arteries  and  veins  (Fig.  383). 

The  haemangiomata  appear  to  be  due  to  many  different  causes.  IVIany 
haemangiomata  develop,  in  early  life,  in  situations  which  correspond  to  the 
embryonic  clefts,  such  as  the  facial  or  branchial  clefts.  These  fissural  angiomata 
are  accordingly  found  in  the  face,  the  cervical  region,  and  the  upper  portion  of 
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the  breast,  i.e.  within  the  areas  of  skin  which  formerly  showed  branchial 
clefts.  Those  angiomata  which  are  placed  at  orifices,  of  the  urethra  especially, 
and  which  are  also  most  frequent  in  early  life,  originate  in  a  similar  manner. 
It  is  manifest  that  conditions  are  present  at  those  orifices  either  during  growth 
or  at  their  closure  which  lead  to  the  formation  of  angiomata.  These  angiomata 
are,  for  the  most  part,  teleangiectases  ;  in  other  cases  they  appear  as  cavernous 
tumours.  Their  gi'owth  may  sometimes  be  traced  during  life.  First,  a  few 
small  red  points  are  observed  which  may  remain  stationary  for  a  long  period, 
but,  under  certain  circumstances,  may  increase  in  size.     They  are  gradually 

a  b 

^!  J 


Fig.  381.— Teleangiectasis  of  the  skin  and  subcutaneous  cellular  tissue.    «,  Sebaceous  glands  ;  6,  hair  follicle  ; 
c,  sweat  glands  ;  rf,  fat  cells.    The  rest  of  the  section  consists  of  capillaries,  arteries,  and  veins,     x  82. 

transformed  into  tumours  which  have  a  certain  resemblance  to  a  cock's  comb,  or 
which  form  large  red  projections  on  the  skin.  Other  fissural  angiomata  are 
situated  more  deeply  in  the  soft  parts  of  the  neck.  Some  of  these  fissural 
angiomata  are  present  at  birth,  and  may  accordingly  be  classed  among  the 
vascular  mother's  marks,  the  ncni  msculosi.  These  are,  it  is  true,  also  present 
on  other  parts  of  the  body,  so  that  all  nsevi  vasculosi  are  not  fissural  angiomata. 
The  development  of  many  angiomata  appears  to  be  determined  by  the 
cutaneous  nerves.  These  are  the  teleangiectases  of  the  skin,  which  begin  as 
small  red  specks  and  then  spread  on  the  surface  of  the  skin  over  an  area 
corresponding  to  the  distribution  of  the  peripheral  branches  of  a  cutaneous 
nerve.     Such   neuro;pathic   angiomata   have    been    repeatedly    described   by    v. 
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Biirensprung,  Th.  Simon,  and  0.  Simon.  Fig.  384  gives,  as  an  example,  the 
localisation  of  a  teleangiectasis  in  the  area  of  the  peripheral  terminations  of  the 
first  and  second  divisions  of  the  trigeminus. 

Cavernous  tumours  of  the  liver  are  specially  common  in  advanced  age,  and 
affect  women  more  than  men.  They  may  therefore  form  the  third  etiological 
group  of  ■iemle  angiomata. 

Traumatic  angiomata  form  the  fourth  group.  These  are  the  cicatricial 
tumours  or  keloid  which  appear  after  injury,  and  are  distinguished  by  a  rich 
development  of  vessels.  Many  tumours  belonging  to  this  group  are  mainly 
formed  of  dilated  arteries. 

This  consideration  of  the  etiology  has  by  no  means  covered  the  whole  group 
of  the  angiomata.     It  leaves  out  of  consideration  many  tumours  in  the  skin, 
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Fio.  382. — Tumor  vasculosus  arterialis.    Section  from  a  large  subcutaneous  tumour  in  the  right  hypochondrium. 
lu  addition  to  the  blood-vessels  there  are  connective  tissue  cells  and  numerous  nucleated  fat  cells.    x225. 


muscles,  glands,  and  intestinal  canal  especially,  in  which  the  most  important 
forms  of  ha?mangiomata  are  contained.  In  conclusion,  the  question  arises  how 
far  the  origin  and  growth  of  ha^mangioma  can  be  explained  histo-mechanically. 
In  reply  to  this  question,  several  important  facts  must  here  be  brought 
more  distinctly  forward.  Experience  shows  that  angiomata  arise  by  a  change 
in  some  areas  of  the  vascular  system.  They  may  therefore  be  injected  from 
the  heart  (E.  Virchow).  The  processes  of  transformation,  however,  show 
certain  distinctions  in  different  cases.  In  the  development  of  teleangiectasis 
(Fig.  381),  not  only  are  pre-existing  capillaries  dilated,  but  new  capillaries  are 
formed  (Weil).  In  the  case  of  cavernous  and  arterial  vascular  tumours, 
on  the  other  hand,  there  can  be  no  great  new  formation  of  capillaries.  Of 
course,  the  constituents  of  the  wall  of  the  vascular  channel  are  increased,  since 
the  vascular  spaces  are  dilated  and  the  vessel  wall  increases  in  thickness ;  but 
there  is  no  increase  in  the  number  of  vascular  channels.     In  the  formation  of 
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a  cavernous  tumour  the  number  of  connecting  passages  between  the  arteries 
and  veins  may  even  be  seen,  in  many  cases,  to  be  decreased.  In  the  cavernous 
tumour  of  the  liver  this  is  very  marked,  if  the  tumour  still  contains  some 
remains  of  the  bile  ducts  which  mark  the  boundaries  of  the  lobules  of  the  liver 
(Fig.  383,  g,  g).     We  may  then  easily  convince  ourselves  that  the  area  of  such 


Fio.  383.— Cavernous  hiemaugionia  of  the  liver,  g,  g,  g,  Bile  ducts  ;  t,  t,  t,  tlirouibus  overgrown  by  endothelium 
and  partly  organised  ;  a,  a,  branches  of  the  hepatic  artery  ;  c,  central  vein  of  a  lobule  ;  p,  branch  of  the 
portal  vein.    The  blood-cells  contained  in  the  vessels  have  been  left  out  for  the  sake  of  the  clearness.    x42. 

a  liver  lobule  which  was  originally  freely  supplied  with  capillaries,  contains  only 
a  few  cavernous  vascular  spaces. 

Histo-mechanical  investigation  of  the  vascular  system,  as  has  been  explained 
in  the  Introduction  to  Local  Circulator}^  Disturbances,  has  shown  that  new 
formation  of  capillaries  is  dependent  upon  the  blood -pressure  within  the 
capillaries  and  on  the  condition  of  the  surrounding  tissues.  We  have  shown 
that  the  tissues  determine  a  certain  maximum  limit  of  the  blood-pressure  in  the 
capillaries,  and  that  a  rise  of  pressure  beyond  this  results  in  a  new  formation 
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of  capillaries.  Therefore,  angiomata  might  be  expected  to  be  formed,  either 
\yhen  the  blood-pressure  in  a  capillary  area  rises  for  any  reason,  or  when  the 
above-mentioned  maximum  limit  of  the  blood-pressure  is  lowered. 

If  Ave  now  consider  the  peculiar  position  which  the  capillary  network 
occupies  at  the  border  of  an  orifice  or  fissure  which  is  in  process  of  formation 
or  closure,  it  will  be  comprehensible  that  disturbances  in  the  relations  of  the 
circulation  easily  occur  Avhich  lead  to  the  new  formation  of  capillaries.  The 
pressure  on  the  external  surface  of  the  capillaries  is  higher  in  the  interior  of 
the  body  than  on  its  surface,  in  consequence  of  the  tension  of  the  skin  and 
layers  of  muscle.  There  must  be  some  arrangement  of  the  capillary  walls  or 
of  the  structure  of  their  surroundings  which  compensates  for  this  inequality. 
The  nature  of  this  arrangement  must  be  left  undetermined.  In  any  case,  it 
appears  that  it  may  be  very  readily  disturbed  when  deeply -situated  parts 
approach  the  surface  during  the  formation  of  an  orifice,  or  when  superficially 

situated  parts  pass  into  the  deeper  tissues  by 
the  closing  of  a  fissure. 

In  the  same  way  it  may  be  assumed  that 

vaso- motor    disturbances    which    dilate    the 

arteries  of  a  vascular  area  may,  if  they  are 

long  continued,  give  rise  to  new  formation  of 

capillaries   and  to  the   occurrence   of  neuro- 

'LX.     pathic  teleangiectases.     In  any  case,  the  blood- 

fr- j     pressure  in  the  capillaries  is  increased  by  the 

I' /      dilatation  of  the  arteries  leading  to  them. 

Further,  the  growth  of  surface  of  the 
vessel  Avail,  or  Avhat  is  the  same  thing,  the 
groAvth  of  the  section  of  the  vessel  in  length 
and  breadth,  must  be  considered.  According 
to  the  first  histo-mechanical  principle,  this  is 
dependent  upon  the  rate  of  Hoav  of  the  blood- 
stream. It  must  be  assumed  that  the  tissues 
surrounding  the  blood -stream  determine  a 
limit  for  its  rate  of  floAv,  and  that,  Avhen  this 
limit  is  exceeded,  the  section  of  the  lumen 
of  the  A^essel  becomes  larger  by  increase  of 
the  superficial  groAvth  of  the  Avail,  while  the  lumen  becomes  smaller  when  the 
rate  of  Aoav  is  beloAv  the  limit. 

In  this  way  two  limits  require  to  be  considered — the  limit  for  the  pressure  of 
the  capillary  blood,  Avhich  may  be  briefly  termed  normal p'essure,  and  the  limit  for 
the  rate  of  the  capillary  stream,  Avhich  may  be  termed  the  normal  rate.  Both 
limits,  normal  pressure  and  normal  rate,  may  have  a  different  A^alue  in  different 
organs,  but  under  physiological  conditions  are  constant  for  each  organ,  as  has 
already  been  shoAvn. 

It  is  conceivable  that,  under  pathological  conditions,  the  blood-pressure  in  the 
capillaries  exceeds  the  normal,  either  because  the  limit  of  normal  pressure  is 
loAvered  or  because  the  pressure  Avithin  the  capillaries  is  raised.  In  these  cases 
a  neAV  formation  of  capillaries  occurs,  as  Avas  mentioned  above,  which  continues 
until  the  actual  blood-pressure  in  the  capillary  area  is  brought  to  the  same  level 
as  the  normal  pressure,  by  the  multiplication  of  the  capillary  passages  betAveen 
arteries  and  veins.  The  further  fate  of  the  neAvly-forraed  capillaries  is  after- 
wards, however,  dependent  upon  the  rate  of  floAv.  This  may  become  greater 
or  less  than  the  normal  rate,  and  it  is  conceivable,  also,  that  the  limit  of  the 


Fig.  384. — Nje^Tis  teleangiectaticus  in  a 
newly-born  child,  corresponding  to  the 
first  and  second  branches  of  the  trigem- 
inus (after  O.  Simon). 


L  YMPHA  NGIOMA  5  5  7 


normal  rate  may  be  raised  or  lowered  by  pathological  conditions.  These 
possibilities  may  be  stated  in  two  cases.  After  new  capillaries  have  been 
formed,  the  actual  rate  of  the  capillary  stream  is  either  greater  or  less  than  the 
rate  which  would  be  normal  in  the  diseased  vascular  area.  If  the  actual  rate 
of  flow  be  less  than  the  normal,  then  the  new  capillaries  must  slightly  narrow, 
until  the  normal  rate  is  reached.  A  teleangiectasis  with  narrow  capillaries  is 
formed.  If,  on  the  other  hand,  the  actual  rate  of  flow  be  greater  than  normal, 
tlie  newly-formed  capillaries  increase  in  size,  they  become  more  or  less  dilated, 
and  a  teleangiectasis  with  wide  capillaries  is  formed. 

No  new  formation  of  capillaries  takes  place,  however,  when,  under  patho- 
logical conditions,  the  relations  established  are  such  that  the  Uood -pressure 
in  the  capillaries  does  not  exceed  the  noriaal.  It  may  happen,  however,  in  these 
cases,  that  the  actual  rate  of  flow  exceeds  the  normal,  if  the  limit  of  the  latter 
be  lowered.  The  pre-existing  capillaries  must  then  dilate,  and  this  dilatation, 
when  the  normal  rate  is  sufficiently  lowered,  may  become  so  considerable  that 
the  capillaries  are  changed  into  wide  vascular  spaces  interposed  between  the 
arteries  and  the  veins.  In  this  manner  a  cavernous  tumour  is  formed. 
Finally,  the  case  conies  to  be  considered  when,  as  before,  the  blood-pressure  in 
the  capillaries  does  not  exceed  the  normal ;  while,  at  the  same  time,  the  actual 
rate  of  flow  also  remains  below  the  normal  limit.  This,  for  instance,  might  be 
assumed  should  the  limit  of  the  normal  rate  of  flow  be  raised.  The  capillaries 
will  then  slightly  narrow  until  the  level  of  the  normal  rate  is  reached. 

The  pressure  in  such  a  vascular  area  must  rise,  at  the  same  time,  even 
although  it  perhaps  does  not  attain  that  of  the  heightened  normal  pressure. 
The  rise  of  pressure  in  the  capillai'ies  leads,  however,  after  these  preliminary 
occurrences,  to  marked  tension  of  the  capillary  walls,  made  manifest  to  the 
pathologist,  in  accordance  with  the  second  histo-mechanical  principle,  by  a  great 
increase  of  the  thickness  of  the  capillary  wall,  and  by  the  thickening  of  the 
muscular  coat  of  the  smallest  arterial  branches.  In  this  Avay  the  tumor 
vasculosus  arterialis  is  formed. 

In  this  account  I  have  endeavoured  to  show  that  the  origin  and  growth  of 
angiomata  may  be  simply  explained  by  histo-mechanical  causes.  In  doing  so, 
it  appeared  that  by  four  variations  of  the  histo-mechanical  conditions  all 
possible  variations  might  be  exhausted.  Only  the  three  chief  forms  of  angiomata 
are  found  to  occur,  however,  which  have  been  brought  forward  by  observa- 
tion. The  gradual  transitions  between  these  variations  of  the  histo-mechanical 
conditions  are  thus  the  cause  of  the  great  complexity  of  individual  pathological 
cases,  the  number  of  capillaries  formed,  and  the  amount  of  their  dilatation. 


Lymphangioma 


Lymphangioma  or  angioma  lymphaticum  is  an  irregular  mass  of  newly- 
formed  dilated  lymph -vessels.  Such  a  tumour  may,  on  section,  closely  re- 
semble the  cavernous  htBmangioma,  in  so  far  as  it  consists  of  wide  spaces 
lined  with  epithelium,  between  which  connective,  fatty,  or.  myxomatous  tissue 
is  found  in  varying  quantity  (Fig.  385).  The  only  essential  difference  is  that 
the  spaces  of  the  tumour  are  filled,  not  with  blood,  but  with  lymph,  and  are  in 
connection  with  the  normal  lymphatic  vessels.  In  addition,  the  walls  of  these 
cavernous  Ijanphangiomata  are  often  more  delicate,  more  easily  torn,  and  more 
transparent  than  the  walls  of  hfemangioma  cavernosum.  Lymphangioma  may 
therefore  appear  as  a  closely  aggregated  cluster  of  transparent  vesicles.     In 


558 


L  YMPH ANGIOMA 


other  cases,  the  lymphangioma  is  embedded  in  firm  tissues,  the  corium,  for 
instance,  and  forms  spaces  in  these  tissues,  filled  with  a  clear  fluid  and  lined 
with  endothelium.  If  new  formation  of  lymphatic  vessels  predominates,  and 
the  newly-formed  lymphatic  vessels  remain  narrow,  the  term  lymphangioma 
teleangiectaticum  may  be  used  to  express  the  condition. 

Many  lymphangiomata  arise  from  congenital  didurhances.  To  this  group 
belong  especially  those  lymphangiomata  which  give  rise  to  elephantiasis-like  en- 
largement of  various  parts  of  the  body,  macroglossia  lymphangiedatica,  overgrowth 
of  the  lips  or  ■macrocheilia  lyinphangiedaUca,  elephantiads  lijmphangiedatica  of  the 
extremities.  Other  congenital  lymphangiomata  are  more  limited  in  extent, 
ncevus  lympliaticus,  liygroina  colli  congenitum.  In  those  cases,  as  in  hcemangioma,  a 
preference  for  those  regions  of  the  body  which  show  clefts  in  the  embryo 
ma}^  be  observed. 

Other  lymphangiomata  only  appear  late  in  life.     To  this  class  belong  many 
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Pig.  385.— Lympliaiigioma  of  tlie  peritoneum,    o,  Branch  of  an  artery;  v,  a  vein  ;  I,  I,  I,  1,  lymphatic 

vessels,     x  77. 

lymphangiomata  of  the  skin,  and  amongst  these  the  lymphangiomata  of  the 
inguinal  region  may  be  specially  mentioned.  They  extend  into  the  most 
superficial  layers  of  the  cutis,  and  may  rupture  externally,  forming  a  lymph 
fistula  and  causing  lymphorrhoea.  Lymphangiomata  may  also  occur  in  the 
mesentery  and  other  parts  of  the  peritoneum.  Those  in  the  mesentery 
occasionally  contain  chyle,  cliylangioma. 
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8.  Myoma 

Myoma  or  muscular  tumour  contains  muscle  fibres  as  its  chief  structural 
element.  In  many  cases  these  show  transverse  striation,  myoma  striocellulare 
or  rhabdomyoma.  In  other  cases  they  have  the  character  of  non-striated  muscle 
fibres,  myoma  Igevicellulare  or  leiomyoma. 

Rhabdomyoma  (F.  A.  v.  Zenker)  is,  on  the  whole,  a  form  of  tumour  which  is 
rarely  found.  It  contains  slender  muscle  fibres  with  longitudinal  and  transverse 
striation,  or  spindle-formed,  club-shaped,  or  rounded  cells  whose  protoplasm 
shows  transverse  striation  to  a  greater  or  less  extent  (Fig.  386).  These 
muscular  elements  either  lie  in  a  connective  tissue  stroma,  pure  rhahdomyoma,  or 
they  are  interspersed  in  a  cellular,  sarcomatous  structure,  rhabdomyosarcomn. 


Fig.  386.— Rhabdomyoma  of  the  testicle,  a,  Nucleus  of  a  connective  tissue  cell ;  h,  transverse  section  of  a 
striped  muscle  fibre  ;  c,  longitudinal  section  of  muscle  fibre  ;  d,  large  cells,  atypical  muscle  cells  ;  e,  trans- 
verse section  through  a  non-nucleated  part  of  one  of  those  cells  (after  a  preparation  made  by  Babes  in 
Bucharest).    x525. 

Rhabdomyomata  form  nodes,  more  or  less  sharply  circumscribed,  in  the 
testicle  (Rokitansky,  Babes,  Neumann,  J.  Arnold),  in  the  heart -muscle  (R 
Virchow),  in  the  parotid  (Prudden),  and  in  the  wall  of  the  bladder  (Cattani, 
Vincenzi),  and  develop  so  early  in  life  that  they  may  all  be  attributed  to  a  dis- 
turbance of  development.  The  same  applies  to  the  rhabdomyomata  which 
come  under  observation  more  especially  in  the  kidney  (Eberth,  Cohnheim, 
Huber  and  Bostrom,  Marchand),  in  the  pelvis  of  the  kidney  (Ribbert),  in  the 
wall  of  the  stomach  (Brodowski),  in  the  uterus  (Pernice),  in  the  orbit  (K. 
Zenker),  and  in  the  sacrum  (Marchand).  Besides  these,  a  considerable  mass 
of  newly-formed  striated  muscle  fibres  may  occur  as  a  congenital  tumour  in  the 
form  of  macroglossia. 

Leiomyoma  or  myoma  laevicellulare  is  a  variety  of  tumour  which  occurs 
much  more  frequently.     It  consists  of  non-striated  muscle  fibres,  connective 
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tissue,  and  blood-vessels,  and,  according  to  the  predominance  of  one  or  other  of 
these  elements,  may  be  distinguished  as  a  leiomyoma  molle,  fibrosum,  teleangi- 
ectaticum,  or  cavernosum.  Most  frequently  it  is  a  nodular  tumour  with  marked 
fascicular  structure.  The  muscle  cells,  distinguished  by  their  long,  rod-shaped 
nuclei  (Fig.  387),  are  arranged  in  bundles,  which  intersect  one  another  in  many 
directions  and  appear  to  be  embedded  in  a  vascular  connective  tissue.  The 
leiomyomata  sometimes  undergo  retrogressive  tissue  changes,  such  as  petrification, 
myxomatous  softening,  and  fatty  degeneration. 

The  leiomyomata  of  the  uti'i-us  are  the  most  important  practically.  These 
occur  as  nodular  masses  which  are  frequently  multiple  from  the  first  and  may 
reach  a  considerable  size.  They  arise  within  the  muscular  substance  of  the 
uterine  wall,  and,  at  an  early  stage,  are  sharply  separated  from  the  surrounding 
parts  by  a  narrow  zone  of  loose  connective  tissue,  containing  the  arteries  and 
veins  passing  to  the  tumour.  The  veins  sometimes  form  a  close  plexus  round 
about  the  tumour.     The  sharp  circumscription  and  loose  attachment  of  these 


Fig.  3S7. — Leiomyoma  uteri.     Bundles  of  non-striated  muscle  fibres  cut  through  in  various  directions  and  a 
large  amount  of  intercellular  hyaline  substance,      x  64S. 

tumours  explain  how  they  may  be  displaced  by  the  pressure  of  the  surrounding 
conti'actile  tissues,  and  appear,  after  a  time,  under  the  peritoneal  investment  or 
under  the  mucous  membrane  of  the  uterus  as  subserous  and  submucous 
myomata  (Fig.  388).  Finally,  they  may  even  be  pushed  quite  beyond  the 
uterine  muscle,  so  that  they  appear  as  pedunculated  tumours,  covered  by  serous 
or  mucous  membrane.  The  former  are  attached  to  the  external  surface  of  the 
uterus.  The  latter  are  found  as  pedunculated  polypoid  tumours  in  the  cavity 
of  the  uterus,  or  when  further  expelled  by  uterine  contraction,  in  the  vagina. 
If  the  pedicle  which  attaches  the  tumour  to  the  inner  surface  of  the  uterus  is 
ruptured,  the  tumour  may  be  spontaneously  expelled  from  uterus  and  vagina. 

As  a  rule,  other  disturbances  occur  at  the  same  time.  These  are  most  often 
manifested  clinically  by  profuse  menstrual  haemorrhages  (menorrhagia),  which 
greatly  weaken  the  patient.  Coincident  with  this,  the  muscular  wall  of  the 
uterus  undergoes  hyperplasia.  The  uterus  is  enlarged,  its  mucous  membrane 
shows  chronic  catarrhal  changes  and  is  much  thickened  and  proliferated.  These 
disturbances  disappear,  as  a  rule,  wholly  or  partly,  after  removal  of  the  tumour 
by  operation,  and  are  therefore  to  be  regarded  as  consequences  of  the  growth 
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of  the  tumour.  Virchow  has  already  pointed  out,  however,  that  uterine  catarrh 
favours  the  occurrence  of  leiomyomata.  This  view  apjDears  to  me  to  be 
confirmed  by  the  fact  that,  in  such  cases,  multiple  primary  myxomata 
very  frequently  occur,  and  also  occasionally  multiple  primary  papillomata  of  the 
uterine  mucous  membrane.  These  are  forms  of  tumour  which,  in  other  places 
also,  occur  very  frequently  as  the  result  of  chronic  catarrh. 

Leiomyomata  may  be  formed  in  all  parts  of  the  muscular  wall  of  the  uterus, 
and  also  on  the  lips  of  the  os  uteri.  AVhen  they  extend  into  the  ligaments  of 
the  uterus  they  cause  specially  severe  disturbances,  and  by  their  further  growth 
cause  pressure  on  the  pelvic  organs,  the  vessels,  nerves,  urethra,  and  rectum. 
Larger  myomata  which  grow  in  the  fundus  uteri  project,  as  a  rule,  upwards  into 
the  abdomen,  in  which  case  the  uterus  and  vagina  are  pulled  upwards,  and, 
under  certain  circumstances,  may  be  greatly  increased  in  length.  The  ab- 
dominal cavity  becomes  encroached  upon,  its  walls  distended,  and  great  dis- 
comfort may  be  caused  to  the  patient. 

Li  a  few  rare   cases   leiomyomata  of   the   uterus   pass  into  spindle -celled 


sarcomata  which  give  rise  to  metastases. 


Fig.  38S.— Nodular  subserous  leiomyoma  of  the  uterus.    Pedunculated  papilloma  at  the  external  os  uteri. 

Two-fifths  natural  size. 


Next  to  the  uterus  the  prostate  is  the  most  frequent  site  for  leiomyomata. 
These  grow  from  the  region  of  the  neck  of  the  bladder  into  its  cavity,  and  cause 
considerable  difficulty  in  micturition,  with  all  its  consequences.  In  addition, 
leiomyomata  are  not  infrequently  formed  in  the  muscular  wall  of  the  stomach 
and  intestinal  canal.  By  the  contractions  of  the  intestinal  tube  they  are 
forced  under  either  the  serous  or  the  mucous  coats.  In  the  latter  case  they 
occasionally  give  rise  to  intussusceptions  in  the  intestine,  since  peristaltic 
action  may  force  forward  the  tumour,  which  projects  into  the  lumen  of  the  intes- 
tinal canal,  and  so  invaginate  one  piece  of  the  intestine  within  the  other. 

A  few  leiomyomata  have  been  observed  in  the  walls  of  blood-vessels,  especi- 
ally veins  (A.  Bottcher),  and  lastly,  some  have  been  found  in  the  skin  and  sub- 
cutaneous tissue.  These  also  rise  partly  from  the  muscular  coat  of  small 
vessels  (Babes,  Hess,  Hardaway).  Others  rise  from  the  musculi  arrectores 
pilorum.  Many  of  these,  especially  those  that  are  primarily  multiple  in  their 
origin,  are  exceedingly  painful  and  are  included  in  the  group  of  iubercula 
dolorosa,  which  will  be  again  mentioned  in  the  description  of  neuromata. 

While,  however,  leiomyomata  generally  first  appear  in  adult  and  in  advanced 
age,  two  cases,  at  least,  of  myoma  of  the  skin  have  occurred  in  early  life.     The 
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leiomyoma  of  the  alse  nasi  and  the  point  of  the  nose,  described  by  Hess,  were 
first  observed  in  the  third  or  fourth  year  of  the  patient's  life.  The  leiomyoma 
of  the  skin  of  the  posterior  part  of  the  head,  observed  by  Marc,  was  at  birth  the 
size  of  a  mandarin  orange. 
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9.  Neuroma 

Neuromata  are  tumours  consisting  of  newly-formed  nervous  elements,  with 
interstitial  tissue  and  blood-vessels.  According  to  the  characters  of  the  nervous 
elements,  there  may  be  distinguished :  neuroina  gangliocellulare,  containing 
ganglion  cells,  neuroma  myelinicum,  containing  medullated  nerve  fibres,  and 
neuroma  amyelinicum,  containing  non-medullated  nerve  filires. 

Neuromata  of  the  central  nervous  system  have  already  been  described,  but 
require  further  examination.  In  many  cases  of  so-called  neuromata  it  is  merely 
stated  that  tumour-shaped  masses  of  gray  brain  substance  have  been  found,  but 
no  proof  is  given  that  there  are  any  nervous  elements  in  the  tumour.  In  other 
cases  there  may  be  an  abnormal  grouping  or  a  misplacement  of  the  normal 
elements  of  the  central  nervous  system,  due  to  some  malformation,  but  showing 
none  of  the  characteristics  of  a  tumour.  In  other  cases,  again,  as  has  already 
been  mentioned  under  Glioma,  nervous  elements,  such  as  ganglion  cells  and 
nerve  fibres,  Avhich  are  normally  present  in  gliomata  are  regarded  as  newly- 
formed  and  as  justifying  the  diagnosis  of  neuroma.  Klob,  E.  Wagner,  and  R. 
Virchow,  however,  have  described  a  few  tumours  of  the  ependyma  of  the 
cerebral  ventricles  which  contained  nerves  and  ganglion  cells,  and  which  are 
unquestionably  neuromata. 

Recent  researches  have  also  shown  that  many  tumours  of  the  perijoheral 
nervous  system  are  not  neuromata.  The  plexiform  neuromata  of  the  peripheral 
nerves  have  been  placed  with  the  fibromata,  since  many  observers  have 
been  able   to  discover  only    newly-formed   connective   tissue,  but  no   newly- 
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formed  nerves.  Klebs,  however,  firmly  maintains  the  neuromatous  nature  of 
this  tumour,  and  describes  it  as  containing  numerous  non-medullated  nerve 
fibres. 

A  similar  fate  seems  to  be  in  store  for  the  tuhercula  dolorosa.  These  are 
small  tumours  of  the  skin,  the  size  of  peas  or  beans,  which  occur  spontane- 
ously, or  as  the  result  of  some  external  mechanical  irritation,  and  are  extremely 
painful  to  pressure.  It  did  not  escape  the  earlier  observers  that  many  of  these 
were  leiomyomata  containing  nerves,  as  has  been  already  mentioned.  Others 
occur  as  fibromata  of  the  nerves.  We  are  not,  however,  justified  at  present  in 
absolutely  excluding  tubercula  dolorosa  from  the  neuromata,  since,  in  many  of 
them,  many  apparently  newly-formed  nerves  have  been  demonstrated.  Among 
those  the  so-called  neuroma  of  the  Pacinian  corpuscles  deserves  special  description. 
A  small  tumour  from  the  subcutaneous  tissue  of  the  hand,  apparently  belonging 
to  this  group,  which  I  had  the  opportunity  of  examining,  showed  numerous  blood- 
vessels and  a  few  nerves  surrounded  by  numerous  concentric  lamellae  of  connec- 
tive tissue,  composed  of  flat  connective  tissue  cells.  As  Virchow  has  shown,  we 
cannot  conclude  from  this  that  there  is  a  hyperplastic  development  of  Pacinian 
corpuscles.  Although  there  is  similarity  of  structure  in  this  respect,  that,  in  the 
Pacinian  corpuscles  also,  the  nerve-sheaths  are  arranged  as  concentric  laminae 
of  connective  tissue,  it  may  be  doubted  whether  this  so-called  neuroma  of  the 
Pacinian  corpuscles  should  not  be  properly  classed  with  the  fibromata. 

The  traumatic  neuromata  are  the  last  important  group.  In  stumps,  after 
amputation,  the  ends  of  the  nerves  are  generally  found  swollen  like  clubs  and 
firmly  adherent  to  the  scar  of  the  operation  wound.  Microscopic  examination 
shows  bundles  of  medullated  and  non-medullated  nerve  fibres,  irregularly  inter- 
woven and  embedded  in  the  firm  cicatricial  tissue  of  the  thickened  ends  of  the 
nerves.  It  may  be  doubted,  however,  whether  these  formations  are  properly 
to  be  classed  with  the  tumours  as  defined  above.  In  any  case,  they  are  the 
result  of  a  disturbance  of  the  normal  process  of  regeneration  which  takes  place 
in  all  divided  nerves.  The  dense  scar  prevents  the  axis  cylinders  from  grooving 
out  in  a  straight  direction  from  the  central  ends  of  the  nerves,  and  causes  them 
to  bend  irregularly  in  various  directions,  and  to  interlace  closely  within  the  scar. 
The  growth  of  the  axis  cylinder  is  a  perfectly  normal  process  which  is  only 
disturbed  by  the  presence  of  the  scar.  The  development  of  the  nerve  fibres  in 
the  amputation  stump  is  thus  in  nowise  autonomous,  or  independent  of  the 
laws  which  govern  their  growth ;  but,  on  the  contrary,  is  a  direct  outcome  of 
the  laws  and  conditions  which  determine  the  physiological  new  formation  of 
nerves. 

Connective  tissue  tumours  containing  nerves  are,  however,  formed  in  many 
injuries  to  nerves,  Avhich  are  not  connected  with  a  loss  of  a  part  of  the  body. 
Divided  or  compressed  nerves  sometimes  heal  with  the  formation  of  a  tumour 
at  the  site  of  injury,  and  such  tumours  consist  of  connective  tissue  and  newly- 
formed  nerve  fibres.  They  are  called  traumatic  neuromata.  It  would  be  well 
worth  while  to  investigate  more  fully  their  relation  to  amputation  neuromata 
and  to  disturbances  of  nerve  regeneration. 
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10.  Papilloma 

Papillomata  and  the  next  two  forms  of  tumour,  adenomata  and  cystomata, 
show  much  more  distinctly  than  the  tumours  ah'eady  described  the  organoid  or 
organ-like  character  generally  found  in  benign  timiours.  Papillomata  consist 
of  vascular,  connective,  or  mucoid  tissue,  and  project  from  the  surface  of  skin 
or  mucous  membrane  as  rounded,  cylindrical,  or  branching  growths  covered 
with  epithelium. 

Many  warts  on  the  skin  are  papillomata.  They  arise  in  part  independently 
of  external  irritation  and  are  sometimes  observed  even  at  birth.  In  the  latter 
case  they  may  be   classed  with  the  nrevi,  papillanj  luevi.     Other   papillomata 


Fig.  389. — Longitudinal  section  through  the  axis  of  a  warty  papilloma  on  the  prepuce.  The  branching  con- 
nective tissue  stem  contains  cross-sections  of  many  vessels.  Tlie  rete  Malpighi  and  the  epidermis  are 
dark.    The  latter  is  only  a  narrow  border  on  the  surface  of  the  tumour.    x9. 


obviously  arise  in  consequence  of  external  irritation,  as,  for  instance,  the 
warty  papilloma  {condyloma  acuminatum)  which  develops  in  the  neighbour- 
hood of  the  genital  orifices  in  chronic  catarrhs  of  the  genito-urinary  system,  as  a 
multiple  primary  tumour,  and  which  may  attain  a  considerable  size  (Fig.  389). 
This  consists  of  a  branching,  vascular,  connective  tissue  axis  covered  by 
stratified  squamous  epithelium,  a  thick  stratum  Malj)ighi  and  a  thin  superficial 
layer. 

Among  the  mucous  membranes  on  which  papillomata  frequently  occur,  the 
bladder  is  the  most  important.  Papilloma  of  the  bladder  (Fig.  390)  appears  as  a 
cauliflower-shaped  tumour,  consisting  of  delicate  branching  papillae.  In  these 
papillae  there  may  be  recognised  a    thin  vascular  stem   of  connective  tissue, 
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covered  with  cylindrical  epithelium  (see  Fig.  307,  p.  ^^'o).  The  tumour  is,  as  a 
rule,  situated  at  the  fundus  of  the  bladder  and  is  usually  multiple.  Catarrh  of 
the  bladder  is  frequently  present  at  the  same  time,  or  careful  examination 
reveals  a  chronic  gonorrhoea  of  many  years'  standing.     Under  the  description  of 


Fig.  3!tO.  —Primary  multiple  papilloma  of  the  bladder.    Half  natural  size. 

ectopia  vesicse,  a  papilloma  of  the  bladder  has  already  been  described  and  figured 
(Fig.  133,  p.  204)  which  was  probably  caused  in  like  manner  by  the  protracted 
catarrh  which  resulted  from  this  malformation.  Catarrhs  of  the  bladder  are  by 
no  means  the  only  sufficient  cause  of  the  formation  of  papillomata.      It  appears 
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Fig.  .391.— Cauliflower-like  papilloma  in  the  Fallopian  tube.    Half  natural  size. 

to  me  to  be  much  more  likely  that  papillomata  of  the  bladder  are  caused  by 
irregularities  in  the  development  of  the  embryonic  genital  apparatus.     In  this 
respect  they  are  closely  related  to  some  tumours  of  the  kidneys  and  ovaries, 
which  are  similar  in  structure.     For  this  reason  they  will  be  again  considered. 
Papilloma  of  the  bladder  not  infrequently  causes  considerable  impediment 
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to  micturition,  with  all  its  consequences,  as  tufts  of  the  tumour  become  driven 
into  the  neck  of  the  bladder  by  the  urine  as  it  escapes.  It  also  leads  to 
ha?morrhages,  small  tufts  imprisoned  by  the  urethra  being  torn  off  as  the  bladder 
distends,  since  the  distance  between  the  site  of  the  tufts  and  the  neck  of  the 
bladder  must  be  increased  as  the  urine  accumulates  and  separates  the  walls 
of  the  bladder.  Lastly,  papilloma  of  the  bladder  sometimes  passes  into 
papillary  carcinoma. 

Chronic  laryngeal  catarrhs,  which  frequently  occur  among  singers,  officers 
and  others  who  have  habitually  to  strain  their  voices,  occasionally  give  rise 
to  solitary  and  to  primarily  multiple  papillomata  of  the  laryngeal  mucous 
membrane.  In  the  mucous  membrane  of  the  stomach  and  intestine,  papillo- 
mata of  various  sizes  are  occasionally  observed.  They  are  also  found  in  the 
portio  vaginalis  and  in  the  cervical  canal  of  the  uterus,  in  the  tubes  (Fig.  391), 
and  other  places. 

Papillomata  may  also  develop  in  portions  of  the  ducts  of  glands  which  show 
cystic  dilatation  and  in  cystic  tumours.  They  will  therefore  be  considered  under 
the  description  of  cystoma. 

11.  Adenoma 

Adenoma  is  a  tumour  consisting  of  gland  tissue.  This,  however,  includes 
only  the  epithelial  glands,  since  the  Ij^mph-adenomata  which  consist  of  lymphatic 
tissue  are  to  be  regarded  as  hyperplasise  of  the  lymph -glands  and  not  as 
tumour  growths. 

Many  adenomata  almost  exactly  repeat  the  structm-e  of  the  gland  in  which 
they  are  formed.  Adenoma  of  the  liver  consists  of  hepatic  tissue  which, 
under  certain  circumstances,  differs  only  slightly  from  normal  liver  tissue.  Its 
cells  are  perhaps  somewhat  larger  than  normal  liver  cells,  and  the  regularly 
radiating  arrangement  of  the  liver  lobules  can  hardly  ever  be  made  out.  Bile 
ducts,  however,  lined  Avith  epithelium,  are  found  between  the  cells  in  adenomata 
of  the  liver,  and  sometimes  may  even  be  shown  to  contain  bile  (Fig.  287,  p.  432). 
These  adenomata  of  the  liver  sometimes  originate  in  small  multiple  foci  of 
regenerating  liver  tissue,  which  appear  after  any  considerable  destruction  of  the 
liver  cells,  as,  for  instance,  in  cirrhosis.  An  adenoma,  however,  is  distinguished 
from  a  simple  regenerative  growth  by  its  great  extent,  and  by  many  peculiarities 
which  point  to  its  autonomous  character.  It  may  thus  happen  that  adenomata 
of  the  liver,  which  are,  as  a  rule,  multiple  from  the  first,  may  show  extensive 
fatty  infiltration,  while  the  remainder  of  the  liver  contains  no  free  fat  in  the 
form  of  droplets.  It  also  sometimes  happens  that  the  cells  of  the  adenoma 
of  the  liver  pass  by  metastasis  into  the  spleen  and  other  distant  organs.  [The 
frequency  of  the  metastasis  into  the  spleen,  Avhich  Avas,  I  believe,  first  described 
by  Friedreich,  is  perhaps  explained  when  the  great  similarity  in  structure 
of  the  connective  tissue  of  the  blood-vessels  in  the  liA^er  and  spleen  is  taken 
into  consideration  (Thoma).  It  is  probable  that  the  cells  Avhich  pass  from  the 
adenoma  into  the  blood -stream  find,  in  consequence  of  this  similarity  of 
structure,  conditions  favourable  to  their  further  development.]  Adenomata  of 
the  liver  may  undergo  metaplastic  changes.  If  the  epithelial  cells  of  the 
tumour  lose  the  characteristics  of  liver  cells  and  proliferate  rapidly,  one  form 
of  primary  hepatic  carcinoma  is  formed  from  the  adenoma.  The  second  variety 
originates  in  adenomatous  proliferation  of  the  cylindrical  cells  of  the  bile  ducts. 

Adenomata  of  the  mucous  membrane  of  the  rectum  also  closely  resemble  the 
normal  mucous  membrane.  These  are,  as  a  rule,  primarily  multiple  tumours 
shaped    like    raspberries,    consisting    of    large,   sometimes    branching,    tubular 
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glands.  These  latter  correspond,  in  structure,  to  greatly  enlarged  Liebei'kiihn's 
glands  (Fig.  392).  The  cylindrical  tubes  of  the  glands  are  lined  by  columnar 
cells  which  are  mostly  goblet  cells,  like  the  epithelial  lining  of  Lieberkiihn's 
glands  (Fig.  255,  p.  391).  The  proliferated  glands,  however, do  not  extend  beyond 
the  gi^eatly  thickened  hyperplastic  mucosa,  so  that  the  adenoma  is  bounded  by 
the  muscularis  mucosae.  If  this  boundary  line  be  passed,  the  epithelial  growth 
appears  in  the  submucosa.  This  event  indicates  an  important  change  in  the 
character  of  the  tumour,  showing  that  it  has  become  a  malignant  tumour 
which  Avill  grow  rapidly  in  all  directions  and  give  rise  to  metastases.     It  no 


Fio.  392.— Pedunculated  adenoma  of  the  mucous  membrane  of  the  rectum.    «,  n,  Mucosa;  b,  6,  muscularis 
mucosse.     Some  of  the  glands  show  cystic  dilatation,     x  5. 

longer  maintains  the  typical  structure  of  the  gland -tubes,  but  appears  as  a 
cylindrical-celled  carcinoma. 

In  other  glands  also,  and  in  membranes  containing  glands,  adenomata 
which  closely  resemble  the  part  from  which  they  arise,  are  not  rare.  Among 
these  the  following  Avill  merely  be  mentioned  here,  viz.  the  adenomata  of  the 
mucous  membrane  of  the  uterus,  stomach,  and  intestine,  the  thyroid  and  the 
suprarenal  capsules.  They  will  be  more  fully  described  in  the  special  part  of 
this  book.  The  adenomata  of  the  suprarenal  capsules  are  of  great  importance, 
since  they  may  originate  outside  the  capsules.  They  tend  to  arise  from 
portions  of  suprarenal  substance  which  are  sometimes  met  with  as  malforma- 
tions in  other  organs.  Thus,  suprarenal  adenomata  of  various  sizes  are  some- 
times found  in  the  kidney  (Grawitz).  According  to  Rokitansky,  scattered 
portions  of  suprarenal  substance  also  occur  in  the  solar  and  renal  plexuses. 
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and,  according  to  Marchand,  between  the  folds  of  the  broad  ligament  and  in 
the  neighbourhood  of  the  ovary,  so  that  analogous  tumoui's  might  be  expected 
in  these  places. 

A  number  of  adenomata  have  still  to  be  mentioned  which  show  a  more  or 
less  considerable  deviation  from  the  structure  of  the  normal  glands  from  Avhich 
they  arise. 

The  fibromata  of  the  mamma  have  already  been  described  as  regards  their 
essential  characters.  In  nearly  all  cases  they  contain  more  or  less  abundant 
growths  of  glandular  elements  from  the  mamma?,  so  that  many  of  these 
tumours  might  be  described  as  adenomata  with  a  large  amount  of  connective 
tissue.  The  growth  of  the  glandular  tissue,  however,  leads  in  some  of  the 
cases  to  the  formation  of  new  terminal  acini,  lined  with  cubical  epithelium, 
which,  like  those  of  the  normal  functionally  active  gland,  are  united  to  form 
groups  of  larger  acini.  In  other  cases  the  growth  is  irregular,  forming  narrow 
branching  canals,  lined  with  cubical  and  cylindrical  epithelium,  but  which 
show  no  distinct  terminal  acini.  The  fact,  observed  by  Langhans,  that 
adenoma  of  the  mamma,  very  frequently  at  least,  shows  a  distinct  membrana 
propria,  with  a  double  contour,  under  the  epithelium,  is  of  great  importance 
for  differential  diagnosis.  In  differentiating  adenoma  from  different  forms  of 
carcinoma,  I  have  been  able  to  convince  myself  of  the  presence  of  this  membrane 
in  a  great  number  of  cases.  These  adenomatous  growths  in  mammary  fibromata 
may,  however,  form  the  starting-point  for  carcinomatous  growths.  In  examining 
early  mammary  carcinomata,  one  can  often  convince  oneself  that  carcinoma  may 
occur  as  a  sharply  circumscribed  nodule  within  a  fibro-adenoma  of  the  mamma. 
This  cannot  be  demonstrated  in  all  cases,  since  other  mammary  carcinomata 
evidently  originate  directly  by  proliferation  of  the  gland. 

The  kidney  is  also  frequently  the  site  of  adenomata  which  may  become 
malign;int.  Adenomata  of  the  kidney  consist  of  tubes  and  irregular  spaces 
lined  with  epithelium  (Fig.  393).  The  epithelium  is  formed  of  cubical  or 
cylindrical  cells  which  closely  resemble  those  lining  the  collecting  tubules. 

Although  all  observers  are  agreed  that  the  adenomata  of  the  kidney 
originate  as  a  j^roliferation  of  the  convoluted  tubules,  it  may  be  objected  that 
it  is  very  difficult  to  prove  this.  Many  adenomata  of  the  kidneys  are  sharply 
circumscribed  from  the  renal  substance.  In  other  cases  it  is  certainly  possible 
to  see  single  urinary  tubules  pass  into  the  tumour  from  the  surrounding  tissues. 
Sometimes  also  these  are  in  direct  connection  with  the  epithelial  cells  of  the 
adenoma.  There  is  always  a  distinct  difference,  however,  between  the 
epithelium  of  the  adenoma  and  that  of  the  urinary  tubules,  although  the 
latter  may  have  also  begun  to  proliferate.  The  microscopical  appearances  may 
easily  be  interpreted  in  another  way.  Every  ^pathologist  who  has  studied 
tumours  at  all  minutely,  knows  Avell  that  any  kind  of  epithelium  in  the 
neighbourhood  of  a  tumour  begins  to  proliferate,  and  that  the  cells  of  an 
epithelial  tumour  may  finally  grow  in  between  the  proliferating  epithelium 
without  this  latter  taking  a  direct  share  in  the  formation  of  the  tumour.  There- 
fore, it  must  be  borne  in  mind  in  connection  with  adenomata  of  the  kidney  that 
they  may  possibly  originate  from  the  inclusion  of  aberrant  epithelial  elements 
from  the  neighbourhood,  or  in  surviving  portions  of  the  Wolffian  bodies  which 
normally  take  j^art  in  the  formation  of  the  kidney.  This  question  will  receive 
further  elucidation  later.  The  most  important  appearances  must  now  be  men- 
tioned. These  show  that  papillary  growths  very  frequently  occur  in  the  walls  of 
the  glandular  tubules  of  the  adenomata  of  the  kidney.  These  growths  project 
into  the  lumen  of  the  tubules,  and  are  covered  with  cylindrical  and  cubical 
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epithelium.  These  adenomata  may  also  pass  into  malignant  varieties  of  tumour, 
adeno-carcinomata  (Klebs).  It  appears  that  this  transition  of  adenoma  into  a 
malignant  variety  of  tumour  is  the  more  frequent  in  proportion  to  the  degree 
in  which  the  structure  of  the  adenoma  differs  from  the  normal  type. 

A  special  form  of  such  deviation  is  sometimes  found  in  the  adenomata 
of  the  lachrymal  and  salivary  glands.  These  adenomata  generally  resemble 
the    normal    glands    in    structure.      They  are    only  clearly  differentiated    by 


Fig.  393. — Adenoma  of  the  kidney,    a,  «,  Transverse  section  of  blood-vessels  ;  b,  tubular  gland  ;  c,  tubular  gland 
slightly  dilated,  containing  finely  granular  coagulated  albumen  and  red  and  white  corpuscles,     x  207. 


their  sharp  definition  and  their  rapid  growth.  Hyaline,  transparent  sjiheres 
of  jelly-like  consistence  form  in  the  protoplasm  of  their  epithelium.  These 
separate  the  intact  epithelial  cells  from  each  other  and  fill  up  the  acini.  In 
some  parts  a  disappearance  of  the  epithelium  is  thereby  produced.  Similar 
hyaline  masses  are  further  formed  in  the  adventitia  of  the  small  blood-vessels 
of  the  adenoma,  so  that  the  adenoma  assumes  the  appearance  called  cylindroma, 
to  which  we  shall  frequently  refer  afterwards  (compare  the  divisions,  sarcoma 
and  carcinoma).     If  all  the  cylindromata  which  have  been  hitherto  described  be 
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analysed,  it  will  be  found  that  this  name  merely  expresses  the  occurrence  of 
spherical  and  cylindrical  hyaline  masses  in  tumours  of  very  different  natures. 
The  adenomata  of  acinous  glands  which  undergo  hyaline  degeneration  very 
often  become  transformed  into  cellular  tumours,  sarcomatous  and  carcino- 
matous in  character,  as  has  been  already  mentioned,  and  these  tumours  become 
cylindromata  by  similar  hyaline  degeneration.  The  latter  often  appear  very 
malignant,  especially  by  local  recurrence  after  repeated  extirpation. 
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12.  Cystoma 

Tumours  of  autonomous  formation  which  contain  cystic  cavities  are  termed 
cystomata.  According  to  the  number  of  cavities,  they  may  be  divided  into 
monolocular,  bilocular,  and  multilocular  cystomata. 

The    general   properties  of  cystic    cavities    have   been    already  described 
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Fig.  394. — lutracanalicular  papilloma  developed  within  a  mammary  fibroma.    The  tumour  is  situated 
in  the  fatty  tissue  below  the  skin.    Two-thirds  natural  size. 


(p.  515).  It  was  there  seen  that  the  essentially  important  characteristic  was 
that  the  inner  surface  of  the  cavity  should  be  lined  by  epithelium.  Tumours 
which  contain  cysts,  therefore,  mostly  originate  in  organs  containing 
epithelium.  The  few  cystomata  which  occasionally  arise  in  organs  that 
have  no  epithelium,  owe  their  origin  to  the  proliferation  of  aberrant  foci 
of  epithelium,  and  are  therefore  to  be  regarded  as  teratomata,  i.e.  tumours 
which  are  due  to  malformations.  Many  cystic  teratomata  must  therefore 
be  regarded  as  rudimentary  parasitic  double  malformations. 
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Apart  from  teratomata,  other  cysts  develop,  either  from  adenomata  or 
papillomata. 

Cysts  are  very  frequently  formed  in  the  adenomata  of  the  thyroid.  Some 
lobules  of  this  gland  may  take  on  active  growth  and  new  acini  form  within 
them,  the  contents  of  which  usually  consist  of  colloid  substance.  Since  the 
abnormal  secretion  continues  to  increase,  the  newly-formed  gland  acini  become 
dilated  and  a  cyst-aclenama  of  the  thyroid  will  be  developed  from  the  simple 
adenoma.  The  acini  of  the  gland  may  be  considerably  dilated  and  then  become 
confluent  by  absorption  of  their  septa ;  cysts  of  the  size  of  walnuts  or  apples, 
and  filled  with  colloid  or  hsemorrhagic  contents,  may  thus  arise. 

The  second  type  of  cystic  growth  is  presented  by  the  intracanalicular 
papilloma  of  the  mamvia.  This  is  formed  from  the  fibroma  of  the  mamma  by 
the  development  of  papillomata  in  the  interior  of  the  cavities  which  are  con- 
stantly present  in  the  tumour  (Fig.  394).    These  papillomata  show  vascular  stems 


Fig.  395. — Intracanalicular  papilloma  of  tlie  mamma  appearing  externally  on  the  nipple.    Natural  size. 


formed  of  connective  or  mucoid  tissue,  and  covered  with  cubical  or  cylindrical 
epithelium.  They  distend  the  ducts  of  the  fibroma,  which  are  lined  with 
similar  epithelium,  into  cysts  of  the  size  of  walnuts,  which,  on  microscopic 
examination,  at  least,  are  seen  to  be  very  clearly  defined.  Occasionally,  the 
papillomata  grow  through  the  ducts  of  the  nipple,  so  that  they  appear  on  its  free 
surface  (Fig.  395).  If  such  a  tumour  be  cut  at  right  angles  to  the  surface  of  the 
skin,  the  origin  of  the  papillomata  is  easily  seen  (Fig.  396).  They  arise  from 
a  fibro-adenoma  of  the  mamma  in  which  the  papillomata  are  developed  within 
the  ducts  or  acini.  In  addition  to  these,  there  are  also  in  this  case  proliferated 
and  cystic  ducts  which  contain  no  papillomata,  but  only  a  thin  fluid  secretion. 
Such  cj^sts  are  also  found  in  fibro-adenomata  of  the  mamma,  in  which  no 
papillomata  are  formed  at  all.  They  are  probably  due  to  an  accumulation  of 
secretion. 

In    adenomata    of    the    kidneys,   cysts    of    varying    size    very    frequently 
develop.      These  contain  either  a  clear  fluid  or  a  large  number  of  papillomata. 
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These   will  be    referred   to  later.     The    cystic  tumours   of   the   reproductive 
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Fig.  396.— Vertical  section  through  the  tumour  shown  in  Fig.  395.    Natural  size. 

system,  which  may  develop  either  with  or  without  papillomata,  are  of  greater 
practical  importance. 

The  adeno-cystomata  or  prolifermis  cysts  of  the  ovary  form  tumours  which  are  not 
infrequently  larger  than  a  man's  head,  and  may  cause  serious  symptoms  merely 


Fig.  397. — Adeuomatous  growth,  with  commeiiciug  cyst  formation,  found  in  the  wall  of  a  large  niultilocular 

ovarian  cyst,  X72. 

by  their  size.     They   contain  either  a  mucoid  stringy  fluid,  or  sometimes  a 
jelly-like  mucus.     Further,  the  contents  of  the  cyst  are  clear  and  transparent, 
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opalescent,  or  turbid  through  admixture  with  desquamated  epithelial  cells  and 
products  of  degeneration,  which  may  separate  from  the  cyst  walls  as  granular 
or  globiilar  masses.  The  wall  of  the  cyst  is  formed  of  cylindrical  epithelium 
which  is  often  ciliated,  and,  as  a  rule,  shows  goblet  cells.  A  cellular  stroma 
of  mucoid  tissue  is  found  under  the  cylindrical  epithelium. 

As  a  rule,  these  tumours  appear  as  multiple  cysts  {cideno-cy stoma  muUilocidare), 
but  analogous  tumours  are  observed  which  contain  only  a  few  or  even  one  single 
cyst,  visible  to  the  naked  eye.  The  further  examination  of  the  cyst  wall  allows 
us  to  differentiate  two  sub-varieties  of  adeno-cystomata  which  may  be  termed 
glandular  proliferous  cystoma  and  papillary  proliferous  cystoma. 

The  glandular  proliferous  cyst  shows,  in  addition  to  a  varying  number  of  cysts 
which  are  visible  to  the  naked  eye  and  lined  with  simple  or  ciliated  epithelium, 
a  great  amount  of  newly-formed  tissue  resembling  a  gland.  Under  a  high 
power  the  wall  of  the  larger  cavities  presents  an  appearance  such  as  is  repre- 
sented in  Fig.  397.  Numerous  microscopically  small  acini,  lined  Avith 
cylindrical  epithelium  and  filled  with  a  fluid  or  gelatinous  substance,  lie  more 
or  less  closely  packed  together  in  the  mucoid  stroma  between  the  larger  cysts. 


Fig.  398. — Multilocular,  proliferous,  papillary  ovarian  cyst.  The  large  cyst  has  been  opened  and  is  collapsed. 
A  number  of  small  cysts  are  seen  in  its  walls.  One  of  these  cysts  has  been  opened  and  shows  the  cauli- 
flower-like papilloma  growing  within  it.    One-third  natural  size. 

The  papillary  proliferous  cyst  of  the  ovary  (Fig.  398),  on  the  other  hand,  is 
distinguished  by  the  fact  that  the  cystic  spaces  of  the  tumour  contain  a  large 
number  of  cauliflower-like  papillomata.  These  arise  from  the  inner  surface  of 
the  cyst  wall  and  consist  of  central  stems  which  branch  repeatedly,  are 
vascular,  formed  of  mucoid  tissue,  and  covered  with  cylindrical  epithelium, 
similar  to  that  which  covers  the  inner  surface  of  the  cyst  wall.  In  many 
cases  the  wall  of  these  papillary  cystomata  also  contains  a  large  number  of 
microscopically  small  cavities  filled  with  papillary  growths.  Sometimes  these 
papillomata  break  through  the  walls  of  the  cysts,  so  that  a  part  of  the 
papillary  growth  appears  free  on  the  surface  of  the  ovary  and  may  easily  be 
mistaken  for  a  papilloma  of  the  surface  of  the  ovary,  which  is  exactly  similar 
in  its  microscopic  structure. 

In  some  cases  the  glandular  and  the  papillary  forms  of  the  multilocular, 
proliferating  ovarian  cyst  are  combined  in  various  ways,  one  part  of  the  cysts 
showing  papillomata,  while  other  cysts  in  the  same  tumour  have  smooth  Avails. 
So,  also,  the  glandular  growth  is  only  found  in  some  parts  of  the  cyst  Avails,  but 
not  in  others. 
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The  great  frequency  with  which  these  combined  forms  of  proliferous  ovarian 
cysts  occur  shows  that  they  represent  a  single  variety  of  tumour.  It  has, 
however,  been  very  difficult  to  determine  their  mode  of  development.  In  the 
first  place,  it  is  clear  that  it  is  not  a  simple  dilatation  of  the  Graafian  follicle  of 
the  ovary,  associated,  somehow,  with  a  metaplasia  of  the  cubical  cells  of  the 
membrana  granulosa  into  cylindrical  epithelium.  The  number  of  the  cystic 
cavities  and  of  the  acini  is  frequently  so  gi'eat  that  it  is  enormously  in  excess 
of  the  numbers  of  the  Graa,fian  follicles.  A  glandular  growth,  an  adenoma  of 
the  ovary,  must  necessarily  be  regai'ded  as  the  starting-point  of  the  formation 


Fio.  399. — Multilocular,  proliferous,  papillomatous  cyst  of  the  ovary,  showing  papiUomata  in  the  cavity  of  one 

small,  and  one  somewhat  larger  cyst,  x  34. 

of  a  cystoma.  This  adenomatous  growth  does  not  originate  in  the  Graafian 
follicles,  but  (as  Waldeyer,  Nagel,  de  Sinety  and  Malassey,  Flaischlen  and 
Pfannenstiel  have  shown)  from  the  germinal  epithelium  of  the  surface  of  the 
ovary.  This  sends  epithelial  buds  downwards,  which  become  converted  into  the 
adenomatous  cystic  and  papillary  formations,  while,  at  the  same  time,  a 
proliferation  of  the  stroma  of  the  ovary  produces  the  mucoid  tissue  in  the  walls 
of  the  cysts. 

The  development  of  the  proliferating  cyst  of  the  ovary  is  therefore  remark- 
ably like  the  development  of  the  Graafian  follicle,  which  is  also  derived  from 
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the  germinal  epithelium.  It  is  thus  easily  understood  how  these  tumours  are 
generally  benignant,  for,  as  a  rule,  they  do  not  return  after  removal.  This  is 
not  always  the  case,  however.  Like  most  of  the  soft  cellular  tumours  of  the 
ovary,  the  proliferous  cysts  also  are  often  bilateral,  the  tumour  formation  being 
apparently  transferred  from  one  ovary  to  the  other.  In  rare  cases  so-called 
peritoneal  metastases  arise  (E.  Wagner,  F.  Marchand,  Maygrier,  Baumgarten, 
and  in  three  observations  of  my  own).  The  tumour  spreads  over  the  surface  of 
the  peritoneum,  where  it  forms  flat  circumscribed  tumours,  partly  adenomatous, 
partly  cystic.  At  the  same  time,  mucous,  sero-fibrinous,  or  sero-haemorrhagic 
exudations  are  found  in  the  peritoneal  cavity.  These  characteristics  of  the 
tumour  show  its  great  tendency  to  independent  growth — an  independence  which 
is  also  seen  in  the  great  difference  which  exists  between  the  structure  of  the  fully- 
developed  tumour  and  that  of  the  organ  in  which  it  originates.  Finally,  the 
tumour  in  many  cases  is  converted  by  the  luxuriant  growth  of  its  cellular  con- 
stituents into  carcinoma  or  sarcoma  and  may  then  give  rise  to  metastases  in 
distant  organs. 

Cystic  tumours  which,  in  the  most  important  features  of  their  structure. 


Fig.  400.— Papillary  adeno-cystoiiia  of  the  kidney  ia  a  woman  of  forty-nine.    Seen  on  transverse  section.    The 
dark  parts  are  the  parts  of  the  kidney  which  remain,  but  are  affected  by  the  growth.    Half  natural  size. 


resemble  the  proliferating  adeno-cystoma  of  the  ovary,  occur  also  at  the  hilum 
of  the  ovary  between  the  folds  of  the  broad  ligament,  in  the  lateral  parts  of  the 
wall  of  the  uterus,  and  in  the  wall  of  the  vagina.  They  are  developed  by 
proliferation  of  the  parovarium  and  other  persisting  parts  of  the  reproductive 
portion  of  the  Wolfhan  body  and  ducts  of  Gartner  (Veit,  Winkel,  Kaltenbach, 
Coblenz,  v.  Recklinghausen). 

These  interesting  data  are  the  result  of  long-continued  observations,  and  the 
question  now  arises  whether  the  above-mentioned  adenoma  of  the  kidney  may 
be  classed  with  the  tumours  just  described,  since  the  renal  adenomata  also  occur 
partly  in  the  glandular  and  pai-tly  in  the  papillary  form  and  develop  into 
tumours  Avhich  may  closely  resemble  the  proliferous  ovarian  cyst.  Fig.  400 
shows  a  tumour  of  this  kind  (one  half  natural  size),  consisting  of  a  number  of 
tumour  nodules,  which  was  examined  in  my  laboratory  by  Schiilz.  These 
nodules  show  more  or  less  distinctly  the  structure  of  cysts  filled  with 
papillomata.  The  typical  adeno-cystomata  of  the  ovary,  as  a  rule,  have  a  larger 
quantity  of  fluid  in  their  cavities  than  is  the  case  in  this  tumour.     Before  this 


576  DERMOID  CYST 


fluid  distends  the  cysts,  however,  the  proliferous  papillary  adeno-cystoma  of 
the  ovary  also  appears  in  a  foi'm  similar  to  that  found  in  the  kidney.  In  some 
cases  the  cysts  of  the  papillary  or  glandular  cyst-adenoma  of  the  kidney  are  also 
fully  distended  by  mucoid,  stringy  fluid.  According  to  the  observations  of 
Nauwerck,  Hufschmid,  and  v.  Kahlden,  the  congenital  cystic  kidney  may  be 
regarded  as  a  cyst-adenoma  of  the  kidney,  containing  much  fluid  and  due  to 
similar  developmental  disturbances. 

The  following  case  may  therefore  be  included  in  these  observations.  It  is 
that  of  adeno-cystoma  of  the  kidney  in  a  woman  aged  thirty-eight,  which  was 
accompanied  by  growth  of  a  similar  tumour  in  the  vaginal  wall.  The  renal 
tumour  Avas  removed  here  by  my  colleague,  Zoege  von  Manteuffel,  and  the 
vaginal  tumour  some  time  later  by  my  colleague,  Kessler.  Both  were  brought 
to  me  for  examination.  The  view,  that  in  this  case  a  metastasis  of  the  primary 
renal  tumour  was  present  in  the  wall  of  the  vagina,  is  rendered  decidedly 
improbable  by  the  fact  that  such  tumours  have  little  tendency  to  form 
metastases  in  distant  organs.  It  seems  more  likely  that  it  was  a  case  of  primary 
multiple  tumour  formation,  which  is  not  unusual  in  these  tumours  of  the 
kidneys  and  ovaries.  The  primary  multiple  tumour  formation  is  then  to  be 
regarded  as  the  consequence  of  an  anomaly  of  development  in  the  genito-urinary 
tract.  These  facts  render  it  probable  that  further  investigation  will  prove  the 
suggestion  on  page  568  to  be  correct.  The  adeno-cystoma  and  adenoma  of  the 
kidney  must  then  be  supposed  to  originate  in  those  parts  of  the  Wolffian  body 
which  take  part  in  the  development  and  formation  of  the  kidney,  perhaps,  also, 
from  aberrant  reproductive  parts  of  the  Wolffian  body.  It  may  also  be 
supposed  that  the  papillomata  of  the  urinary  bladder  have  a  similar  origin. 
These  may  perhaps  arise  from  portions  of  the  ducts  of  the  primitive  kidney  or 
Wolffian  ducts  which  have  become  separated  off",  and  that  the  hyperemia  of  the 
bladder  wall,  due  to  catarrh,  may  possibly  stimulate  the  aberrant  embryonic 
cells  to  grow  into  the  bladder. 

Among  the  cystomata  whose  origin  is  to  be  attributed  to  disturbances  of 
embryonic  development,  the  dermoid  tumour  must  also  be  mentioned.  This 
forms,  as  a  rule,  a  unilocular  cystoma,  the  walls  of  which  are  made  up  of  the 
essential  constituents  of  the  skin.  The  central  cyst  is  lined  with  stratified 
squamous  epithelium,  the  youngest  layers  of  which,  i.e.  those  corresponding  to 
the  rete  Malpighi,  sometimes  show  autochthonous,  brown,  granular  pigmenta- 
tion. This  epithelial  layer  lies  on  a  firm  connective  tissue  membrane, 
analogous  to  the  corium  of  the  skin.  Sometimes  papilla?,  hair  follicles  and  hairs, 
and  sebaceous  glands,  and  more  rarely  teeth,  are  developed  in  the  cyst  wall. 
There  may  also  be,  further,  portions  of  cartilage,  bony  tissue,  muscle,  nerves, 
rudiments  of  intestine,  and  other  indications  of  organs.  The  dermoid  cysts  are 
filled  either  by  a  turbid  fluid,  containing  desquamated  epithelium,  fat  drops,  and 
albuminous  molecules,  or  still  more  frequently,  a  pulpy  mass.  The  principal 
part  of  the  latter  consists  of  desquamated  epithelium,  fat  and  albumen 
molecules,  sparkling  crystals  of  cholesterin  and  small  quantities  of  fluid. 
Numerous  detached  hairs  are  very  common,  and  more  rarely,  teeth  are  found 
in  the  contents  of  the  cyst.  I  once  found  in  the  ovary  a  dermoid  which,  in 
addition  to  squamous  epithelium,  contained  large  quantities  of  a  white,  unctuous, 
lanoline-like  fat.  A  chemical  investigation,  undertaken  by  my  desire  by  my 
colleague,  R.  Kobert,  showed  large  quantities  of  lanoline,  i.e.  a  combination  of 
fatty  acids  with  cholesterin,  in  the  contents  of  the  cyst.  This  result  is  no 
longer  unprecedented,  since  0.  Liebreich  has  found  lanoline  in  the  vernix 
caseosa,  the  unctuous  substance  on  the  skin  of  newly-born  children. 
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Dermoids  occur  in  all  parts  of  the  body,  most  frequently  in  the  ovary, 
testicle,  in  subcutaneous  connective  tissue,  in  the  cellular  tissue  of  the  media- 
stinum, and  in  the  spleen. 

The  occurrence  of  dermoids  deeply  within  the  parenchyma  of  organs  shows 
clearly  enough  that  the  tumour  is 


due  to  certain  anomalies  in  embry- 
onic development,  through  which 
portions  of  skin  become  deposited 
in  more  deeply  situated  tissues,  and 
are  then  transformed  into  cysto- 
mata.  The  dermoids  situated  in 
the  subcutaneous  tissues  are  due 
to  similar  causes.  These  develop 
especially  on  the  anterior  and  pos- 
terior lines  of  closure  of  the  human 
body  in  the  regions  in  which  fis- 
sures are  present  in  the  embryo, 
i.e.  the  face  and  the  region  of  the 
neck.  It  is  easy  to  suppose  that, 
in  certain  cases,  some  of  the  cells 
of  the  epidermis  remain  deeply 
embedded  during  the  closure  of 
some  of  these  fissures  and  become 
converted  into  dermoid  cysts. 

The  dermoid  cyst  is  conse- 
quently to  be  regarded  as  a 
teratoma  whose  walls  repeat  the 
structure  of  the  skin,  and  which 
arises  from  an  aberrant  portion 
of  tissue.  In  many  dermoids  of 
complicated  structure,  the  walls  of 
which  contain  muscular  and  nervous 
tissue,  bones,  and  rudiments  of  in- 
testine, we  have  manifestly  to  deal 
with  a  misplacement  of  the  tissues 
of  more  than  one  embryo.  These 
more  highly  developed  dermoids 
must  be  explained  by  the  supposition 
that  an  embryo,  originally  quite  or 
partially  independent,  is  deposited 
in  the  interior  of  a  second  embryo. 
These  teratomata  are  therefore 
cases  which  depend  on  foetal  inclu- 
sion (see  pp.  188-190). 

Dermoids  of  subcutaneous  tis- 
sue may  occasionally  be  mistaken 
for  atheroma  cysts  (sebaceous  cysts). 


o 

o 


.as 


'tb  « 


W 


O 
o 


and 


as 


These  appear  in  two   forms  as  follicular  or  hyperplastic  sebaceous  cysts 
neoplastic  cysts. 

The  follicular  or  hyperjilastic  sebaceous  cyst  is  due  to  dilatation  of  hair  follicles 
and  sebaceous  glands.  The  slight  degree  of  such  dilatations,  which  always 
affect   either  the   uj^per  part  of   the  hair  follicle  or  the  sebaceous  glands,  is 
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termed  milium  or  comedo.  It  is  caused  by  the  accumulation  of  epithelium 
undergoing  fatty  degeneration  which  composes  the  secretion  of  the  sebaceous 
glands  opening  into  the  hair  follicles.  When  the  dilatation  of  these  structures 
is  greater,  they  become  cystic  and  are  termed  follicular  atheroma  cysts. 
Their  contents,  like  those  usually  found  in  dermoids,  are  pulpy,  and  consist  of 
desquamated  squamous  epithelium,  fat  droplets  and  cholesterin  crystals.  A  few 
hairs,  formed  from  the  papilla  of  the  hair  follicle,  may  occasionally  be  present 
in  these  secretions.  The  investigations  of  Boerhaave,  van  Swieten,  Astley 
Cooper,  R.  Virchow,  and  Chiari  show  that  the  follicular  atheroma  cyst  is,  as  a 
rule,  distinguished  by  the  presence  of  an  opening  formed  from  the  original  hair 
follicle,  and  by  the  remains  of  a  hair  follicle  or  a  sebaceous  gland  in  the  more 
deeply  situated  part  of  the  cyst.  In  dermoids,  on  the  other  hand,  there  is  no 
communication  between  the  cavity  of  the  gland  and  the  surface  of  the  skin. 
Their  wall  is  thicker,  and  frequently  shows  papillae  which  are  sometimes 
characterised  by  the  presence  of  numerous  tiair  follicles,  sebaceous  glands,  and 
other  tissue  structures.     The  dermoid  is  a  cyst  whose  wall  consists  of  skin  ;  the 


Fig.  402. — Atheroma  cyst  in  the  skin.    The  contents  are  laminated  and  consist  of  shed  epithelium. 

Slightly  diagrammatic,  xll. 


follicular  atheroma,  on  the  other  hand,  is  a  cj^stic  dilatation  of  a  hair  follicle  or 
sebaceous  gland,  due  to  accumulation  of  secretion. 

The  neoplastic  atheroma  cysts  or  epidermoid  cysts  (Franke)  are  distinguished  from 
the  follicular  atheroma  cysts  by  the  fact  that  the}^  are  not  connected  with  hair 
follicles  or  sebaceous  glands.  They  occur  on  hairless  parts  of  the  body,  e.g.  on 
the  flexor  aspect  of  the  fingers  and  of  the  palm  of  the  hand.  One  might  there- 
fore be  inclined  to  regard  them  as  dermoids.  They  are  frequently  situated  in 
the  skin  itself,  hoAvever,  and  may  therefore  be  regarded  merely  as  abnormal 
epithelial  ingrowths,  but  not  as  cysts  whose  walls  correspond  to  the  skin  proper. 
In  many  cases  they  may  be  due  to  an  injury  which  causes  epithelial  cells  to  be 
deposited  deeply  within  the  corium ;  in  other  cases  they  are  apparently  spon- 
taneous. In  both  cases  they  must  be  regarded  as  completely  new  formations, 
and  have  been  distinguished  from  the  follicular  retention  cysts  of  the  hair 
follicles  and  sebaceous  glands.  Their  walls  consist  of  stratified  squamous  epi- 
thelium, and  their  pulpy  contents  of  shed  epithelial  squames. 

'Y\xep)early  tumour,  cholesteatoma  (Joh.  Miiller),  is  distinguished  from  atheroma 
by  the  character  of  its  contents.     These  form  more  or  less  compact,  waxy,  or 
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mother-of-pearl-like  masses,  consisting  of  shed  epidermic  squames  and  cholesterin 
crystals.  The  epidermic  sqnames  are  arranged  in  irregularly  concentric  laminEC, 
and,  accordingly,  the  whole  tumour  has  a  rounded  shape.  They  are  sometimes 
formed  in  pre-existing  hollow  spaces  which  are  lined  Avith  epithelium,  such 
as  the  sinuses  of  the  mastoid  process  of  the  temporal  bone,  the  middle  ear, 
the  frontal  sinuses  (Weinlechner),  and  in  the  central  canal  of  the  spinal  cord 
(Chiari).  The  cholesteatomata  of  the  ear  are  frequently  associated  with,  and  are 
perhaps  in  many  cases  due  to  aural  catarrh.  In  the  case  of  the  cholesteatoma  of 
the  central  canal  of  the  spinal  cord  an  autonomous  new  formation  of  cells  must 
be  regarded  as  the  cause.  It  appears,  therefore,  to  be  a  true  tumour.  Those 
cholesteatomata  which  are  observed  in  variously  composed  tumoui'S  of  the 
testicle  and  ovary  containing  epithelium,  are  also  to  be  regarded  as  true  tumours. 
Tumours  with  an  exactly  similar  structure  are  found  in  the  leptomeninges, 
where  they  apparently  arise  from  the  endothelial  cells  which  line  the  tral^eculas 
of  the  arachnoid.  They  are  sometimes  as  large  as,  or  larger  than  a  walnut.  The 
flat  cells  of  these  tumours  are  also  arranged  in  irregularly  concentric  laminee. 
They  are  sometimes  primary  multiple  growths,  and  are  then  found  as  a  number 
of  pearl-like  tumours  in  the  arachnoid.  In  other  cases  the  originally  separate 
pearls  become  united  and  form  irregular  masses.  It  is  doubtful  whether 
the  cholesteatomata  of  the  cerebral  membranes  are  due  to  a  metaplasia  of 
the  arachnoidal  endothelium  into  epithelium,  or  are  produced  by  the  aberration 
of  embryonic  epithelial  cells  from  the  skin  or  from  the  primitive  brain  and 
cord. 
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B.   Cellular  Tumours 


The  cellular  tumours  consist  of  tissues  which  are  (listing ui shed  from  the  nornvxl 
foims  of  tissue  hij  the  presence  of  a  imich  greater  number  of  cells.  The  abnormally 
great  wealth  of  cells  in  the  tumour  indicates  a  higher  degree  of  autonomy  in  the 
new  formation  of  tissue.  This  is  further  expressed  by  more  rapid  growth,  by 
the  encroachment  of  the  growing  tumour  upon  the  normal  tissue  around  it,  by 
tendency  to  local  recurrence  after  extirpation,  by  frequent  and  early  develop- 
ment of  metastases,  and  by  all  the  previously  mentioned  peculiarities  which 
characterise  malignant  tumours. 

Some  of  the  cellular  tumours  arise  from  the  organoid  tumours  by  the  tissue  of 
the  latter  taking  on  a  rapid  growth.  Thus  a  pigmented  melanotic  sarcoma  of 
the  skin  may  arise  from  the  rapid  growth  of  the  pigmented  connective  cells  of 
a  pigmented  nsevus,  and  a  mammary  cancer  may  arise  from  the  multiplication 
of  the  epithelial  cells  of  a  fibro-adenoma  of  the  mamma. 

In  other  cases  the  cellular  tumours  develop  directhj  from  the  tissues  of  the  organs 

and    possess    fi'om   the   very  first    their 
highly  cellular  character. 

As  a  general  rule,  the  cellular 
tumours  show  the  characters  of  embry- 
onic tissue.  It  is  therefore  easily  ex- 
plained why  many  cellular  tumours, 
especially  the  sarcomata,  appear  not  only 
in  adults,  but  also  in  young  individuals, 
and  even  in  fcetal  life  (Fig.  403).  With 
regard  to  their  structure,  certain  agree- 
ments with  some  of  the  organoid  varieties 
of  tumour  may  be  recognised  which 
would  make  it  possible  to  divide  the 
cellular  tumours  in  the  same  manner 
as  the  organoid  tumours.  Certain  difter- 
ences  in  relation  to  the  growth  of  the 
tumour  and  to  the  production  of  metastases  may  be  observed,  however,  which 
cause  the  cellular  tumours  to  be  first  of  all  separated  into  two  great  groups — 
the  sarcomata  and  the  carcinomata.  The  latter  correspond  to  cellular  variations 
of  the  epithelial  constituents  of  the  organoid  tumours,  the  former  to  a  cellular 
variation  in  their  non-epithelial  constituents. 


Fig.  403. — Sarcoma  of  the  index  and  middle  fingers 
in  a  child  of  ten  weeks.    Five-eighths  natural  size. 


(a)  Sarcomata 

The  sarcomata  form  a  group  of  celhdar  tumours,  in  which  epithelicd  structures  are 
either  completely  cd)sent  or  occur  merely  as  accidentcd  and  unimportant  constituents. 
They  constitute  the  most  malignant  forms  of  tumour. 

Among  the  characteristics  which  are  common  to  all  sarcomata,  the  following 
may  be  mentioned  : — Eapid  growth,  tendency  to  ulceration,  tendency  to  local 
recurrence  after  extirpation,  early  and  extensive  development  of  metastases. 
The  metastases  are  either  local  (Fig.  350  on  p.  228),  that  is,  due  to  discontinuous, 
peripheral  growth,  or  general.  The  local  and  general  metastases  are  very 
marked  characteristics  of  the  sarcomata.  As  a  result  of  the  former,  sarcomata 
are  frequently  lobulated.  The  frequent  occurrence  of  general  metastases  through 
the  circulation  leads  to  the  formation  of  multii^le  secondaiy  sarcomatous  nodules. 
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especially  in  the  lungs,  liver,  spleen,  and  bone-marrow  (see  Embolism),  and  occa- 
sionally also  in  other  organs.     It  is  only  in  the  many  sarcomata  which  grow 


f^ 


Fio.  404. — Fibro-sarcoma  of  the  mamma,  xCOO. 


in  the  lymph-vessels,  on  the  other  hand,  that  metastases  to  the  nearest  lymphatic 
glands  are  common. 

As  regards  their  histological  structure,  many  sarcomata  show  a  relationship 
to  the  definite  organoid  tumours,  although  they  are  always  distinguished  from 
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Fig.  405. — Myxo-sarcoma  from  the  subcutaneous  tissue  of  the  shoulder,  x616. 

these  by  their  more  cellular  nature.  This  relationship  with  the  organoid 
tumours  is  observed  not  only  when  the  sarcoma  develops  from  a  previously 
existing  organoid  tumour,  but  also  when  the  tumour  presents  a  highly  cellular 
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character  from  the  very  first.  These  sarcomata  may  then  be  classified  according 
to  the  various  types  of  tissue  which  correspond  to  the  organoid  tumours  they 
resemble. 

The  fibro- sarcoma  represents  a  cellular  variation  of  the  fibroma.  In  the 
fibro-sarcoma  the  connective  tissue  structure  is  still  to  be  recognised.  The 
tumour  consists,  like  the  simple  fibroma,  of  cells  with  the  character  of  connec- 
tive tissue  cells,  of  homogeneous  and  fibrillar  intercellular  substance,  and  of  the 
blood-vessels  which  nourish  it.  But  in  the  fibro-sarcoma  the  cells  are  very 
prominent,  and  in  numbers  such  as,  under  normal  circumstances,  are  only  to  be 
seen  in  embryonic  connective  tissue. 

The  mijxo- sarcoma  (Fig.  405)  is  a  cellular  variation  of  the  myxoma. 
Between  numerous,  mostly  stellate  cells  only  a  small  quantity  of  mucous, 
homogeneous,  and  fibrillar  intercellular  substance  is  found.     The  myxo-sarcoma 


Fig.  406. — Chondro-sarcoma  of  upper  jaw.    Margin  of  a  portion  of  cartilage  which  is  becoming  sarcomatous. 

X  226. 


may  also  represent  a  cellular  variation  of  the  lipoma,  in  so  far  as  the  latter 
passes  into  a  myxoma  before  it  undergoes  its  cellular  transformation.  The 
chondroma  also  passes,  occasionally,  into  corresponding  cellular  forms  and  is 
converted  into  chondro-sarcoma  (Fig.  406).  The  original  type  of  tissue  is, 
however,  to  be  recognised  only  in  small  unaltered  islets  of  cartilaginous  tissue, 
since  the  intercellular  substance  of  the  chondro-sarcoma  is  so  scanty  that  its 
peculiar  characters  are  lost,  or  at  least  can  no  longer  be  made  out  distinctly. 

The  osteosarcoma  (Fig.  407),  the  cellular  variation  of  the  osteoma,  is 
indicated  as  a  tumour  consisting  of  bony  tissue  whose  medullary  and  spongy 
spaces  are  not  filled  with  the  usual  medullary  tissue,  but  with  sarcomatous 
cells. 

The  osteoid  sarcoma  has  a  similar  stru.cture,  with  this  difference,  that  the 
bony  tissue  is  represented  by  osteoid  tissue.  By  a  calcareous  deposit  in  the 
latter,  parts  of  the  tumours  not  infrequently  pass  into  osteo-sarcoma.  If 
the  tumour  is  macerated  in  water  and   then  freed  from  its  soft  joarts,  its 
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skeleton  shows,  even  to  the  naked  eye,  the  radiating  spicules  which  are  found, 
as  a  rule,  in  the  osteoid  sarcoma  (Fig.  408). 

"With  reference  to  the  glio-mrcoma  (Fig.  409),  the  most  important  facts  have 
been  already  mentioned  under  Glioma.  The  gliomata  are  themselves  so  cellular 
that  an  additional  increase  in  the  number  of  the  cells  enlarges  the  tumour, 
but  does  not  materially  affect  its  microscopic  appearances.  The  diagnosis 
of  the  glio-sarcoma  must  therefore  be  made  on  other  grounds.  Eapidly 
growing,  highly  cellular  gliomatous  tumours  are  usually  termed  glio-sarcomata, 
if  they  have  already  produced  metastases,  or  if  they  have  invaded  neighbour- 


FiG.  407. — Ossifying  sarcoma  of  the  superior  maxilla.  Decal- 
cified by  alcohol  and  nitric  acid  (1 : 5).  Alkalinised  by 
washing  with  precipitated  carbonate  of  lime  in  spirit. 
Stained  with  alum  carmine,     x  51. 


Fig.  40S. — Partially  ossified  periosteal  osteoid 
sarcoma  of  the  femur.  The  soft  parts 
have  been  removed  by  maceration.  One- 
third  natural  size. 


ing  tissues.  This  course  is  justified  in  so  far  that  experience  shows  that 
gliomata  are  very  slowly  growing  tumou.rs,  and  do  not  usually  produce  meta- 
stases or  invade  surrounding  tissues  during  their  growth. 

The  angio-sarcomata  appear  as  cellular  variations  of  the  vascular  angiomata. 
They  may  be  separated  into  two  forms — the  angiomatous  sarcoma  and  the 
perithelial  sarcoma.  These,  however,  show  many  transitional  varieties,  and 
may  occasionally  be  combined  in  such  a  manner  that  a  part  of  a  tumour 
appears  as  an  angioma,  and  another  part  of  the  same  tumour  as  a  peri- 
thelia! sarcoma.  It  may  also  happen  that  portions  of  such  tumours  show 
transitions  into  spindle  and  round  celled  sarcomata,  without  any  abnormality 
in  the  number  or  size  of  the  vessels. 
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The  angiomatous  sarcoma  consists  of  numerous  l)lood  capillaries  ■with  closely- 
packed  masses  of  sarcoma  cells  in  the  spaces  between  them  (Figs.  410,  411). 
These  latter  arise  through  the  growth  of  the  cells  of  the  islets  of  tissue  which 
are  formed  between  the  blood-vessels  of  all  angiomata.     The  rich  development 


Fig.  409. — Glio-sarcoiiia  of  the  cerebellum.    Two  capillaries,  one  of  which  is  filled  by  red  corpuscles.    x600. 


of  capillaries  produces  a  more  or  less  distinctly  alveolar  structure  in  the 
tumours,  which  may  lead  to  their  being  confounded  with  carcinomata,  and, 
indeed,  did  so,  until  Arnold  drew  attention  to  the  real  condition. 


r.       S^^^ 
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Fig.  410. — Teleangiectatic  sarcoma  of  the  kidney.    Only  a  few  of  the  red  and  white  corpuscles  which  filled 
the  wide  capillaries  ha^e  been  represented,    x 234. 

The  2^erithelial  sarcoma,  the  knowledge  of  Avhich  we  owe  particularly  to  the 
investigations  of  Arnold,  Kolaczeck  and  Maurer,  shows  a  more  markedly  alveolar 
structure.  In  these  tumours,  which  are  very  vascular,  the  cells  of  the  adventitia 
of  the  capillaries  become  transformed  into  large,  round,  and  sometimes  even 
cylindrical  cells.       These    surround    the    outer    surface  of    the    capillaries    as 
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perithelium.  Between  these  perithelial  cords  there  are  found  either  areas  of 
connective  mucoid,  or  sarcoma  tissue  (Fig.  412),  or  masses  of  finely  granular 
ddbris. 

The  great  vascularity  of  the  angio-sarcomata  is  sometimes  indicated  by  pulsa- 
tion during  life.  In  many  cases 
of  angio-sarcoma  a  blowing  souffle 
synchronous  Avith  the  pulse  may 
1)6  heard  on  auscultation.  This 
may  sometimes  lead  to  a  mistaken 
diagnosis  of  an  aneurismal  dilata- 
tion of  an  artery. 

The  myosarcoma  correspond  to 
cellular  variations  either  of  the 
rhabdomyoma  or  of  the  leiomyoma. 
The  rhabdomyo- sarcomata,  which 
have  been  already  referred  to  under 
Rhabdomyoma,  appear  as  round  and 
spindle  celled  sarcomata  which  con- 
tain a  varying  number  of  newly- 
formed  striped  muscle  fibres.  The 
structure  of  leiomyo-sarcoma  is 
similar  to  that  of  a  simple  spindle-celled  sarcoma,  since  the  smooth  muscle  fibres 
tend  to  lose  their  specific  form  by  their  transition  into  sarcomata.      Still,  in 


Fro.  411.— Teleangiectatic  sarcoma  of  the  axilla,  x200. 


Pig.  412.— Melanotic  perithelial  sarcoma  in  the  parotid  region,  xll7. 


leiomyo-sarcomata  some  bundles  of  fibres  are  occasionally  seen  which,  by  their 
long  narrow  appearance,  remind  one  of  smooth  muscular  fibres. 

The  neuroma  has  no  cellular  variety.  The  only  cellular  modifications 
known  occur  in  the  fibromata  and  myxomata  of  the  nerves,  which  certainly 
used  to  be  often  styled  neuromata. 

The  Ii/m/pho-sarcoma  remains  to  be  mentioned.     Its  tissue  consists  of  a  finely 
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reticulated,  intercellular  substance,  and  small  round  cells  which  show  all  the 
characters  of  lymphoid  cells.  It  is  true  certainly  that  we  cannot  name  any  true, 
undoubtedly  autonomous,  organoid  tumour  which  gives  rise  to  the  lympho- 
sarcoma by  cellular  variation.  Still  the  latter  so  distinctly  shows  the  structiu^e 
of  an  abnormally  cellular  lymphatic  tissue,  that  it  cannot  be  omitted  here. 

The  lympho-sarcoma  appears  as  a  primary  growth  only  in  organs  which 
contain  many  lymphoid  cells,  such  as  the  lymph -glands,  the  tonsils,  and  the 
bone -marrow  more  especiall}^  It  then  extends  into  adjacent  organs  and 
tissues,  and  thus  appears  as  a  malignant  tumour  with  a  certain  degree  of 
autonomy.  The  lymph-glands  in  the  neck,  for  example,  become  enlarged  by 
great  formation  of  lymphatic  tissue.  The  autonomous  character  of  the  neo- 
plasm cannot  be  definitely  proved  until  the  growing  lymphatic  tissue  extends 
beyond  the  lymph -glands  and  spreads  into  the  loose  connective  tissue  sur- 
rounding them,  and  perhaps  into  the  adjacont  muscles.  A  large  tumour  is 
then  formed,  which  consists  of  growing  lymphatic  tissue  and,  as  a  rule,  reaches 
a  very  considerable  size  before  it  undergoes  any  retrogressive  change,  the  most 

common  form  of  which  is  fine  granular 
degeneration.  Sooner  or  later  similar 
tumours  develop  in  distant  organs.  The 
lymphatic  follicles  which  are  present  in 
nearly  all  organs  take  on  active  gi'owth 
and  produce  foci  of  lymphatic  tissue 
varying  in  size.  In  the  spleen  and 
liver  these  metastases  are  frequently 
present  in  large  numbers  as  imperfectly 
limited,  white,  medullary  tumours,  the 
size  of  lentils  or  peas  with  no  well- 
marked  boundary.  Some  of  them  grow 
larger,  and  sometimes  reach  the  size  of 
a  walnut  or  hazel-nut.  In  general, 
hoAvever,  the  lympho-sarcomatous  tumour 
shows  relations  and  transitions  to  the 
special  diseases  of  the  lymphatic  and 
blood-forming  organs  which  will  be  more 
fully  considered  in  discussing  the  diseases 
of  the  spleen,  lymph-glands,  and  bone-marrow. 

In  many  cases  the  cells  of  sarcomata  develop  to  such  an  extent  that  the 
original  type  of  tissue  cannot  be  recognised,  and  it  is  difficult  to  classify  the 
tumour  among  the  types  mentioned.  These  forms  of  sarcoma  are  the  most 
malignant,  and  therefore  the  most  important  practically.  They  are  all 
composed  of  cells,  intercellular  substance,  and  blood-vessels,  and  consist  of  tissues 
which  resemble  the  embryonic  forms  of  connective  tissue.  There  are  note- 
worthy points  of  difference,  however,  especially  as  regards  the  character  of  the 
cells.  The  nature  of  the  cells,  therefore,  is  usually  made  the  basis  of  classifica- 
tion, and,  accordingly,  the  following  varieties  of  sarcomata  are  distinguished  : — 
The  spindle -celled  sarcoma  (sarcoma  fuso-cellulare.  Fig.  414)  consists  of 
spindle  cells,  with  a  small  amount  of  intercellular  substance  and  blood-vessels. 

As  sub-varieties  of  this  form  we  may  mention  the  large  and  small  spindle- 
celled  sarcomata.  The  latter  often  contains  more  spindle  cells  and  passes  gradu- 
ally into  the  fibro-sarcoma. 

The  round -celled  sarcoma  (sarcoma  globo-cellulare)  also  shows  some  sub- 
varieties. 


Fig.  413. — Lympho-sarcoma  from  the  lymph-gland: 
of  the  neck  in  a  man  of  twenty-one,  x  510. 
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The  large  round-celled  sarcoma  is  frequently  more  or  less  distinctly  alveolar 
in  structure,  the  tumour  being  divided  into  smaller  areas  by  coarse  and  fine 
connective  tissue  septa  (Fig.   415).      Most  of  these  connective  tissue  septa 


Fio.  414.— Spiiidle-celled  sarcoma  of  the  skin.    A  thin  section  which  has  been  teased  out  a  little.    The 
isolated  spindles  are  seen  in  longitudinal  and  transverse  section,    x  225. 

carry  blood-vessels  which  nourish  the  tumour.  Fine  reticular  threads  of 
intercellular  substance,  which  penetrate  between  the  individual  cells  of  the 
tumour,  sometimes  become  united  with  the  connective  tissue  septa.  This  is 
undoubtedly  a  tumour,  the  cells  of  which  have  their  physiological  analogue  in 
the  round  plasma  cells  of  connective  tissue.  These  tumours  not  infrequently 
develop  out  of  soft  moles,  which,  as  already  described,  are  rich  in  con- 
nective tissue  plasma  cells,  and  in  many  cases  present  the  structure  of 
large  round-celled  sarcomata  in  every  detail.     Many  of  the  above -described 


Fig.  415.— Large  round-celled  sarcoma  from  the  skin  of  the  thigh,  x362. 

angio-sarcomata  may  be  classed  with  the  large  round-celled  sarcomata.  In 
these  also  a  distinct  alveolar  structure  may  be  recognised  as  a  rule,  since  the 
capillary  network  encloses  round  islets  of  sarcoma  cells.  Finally,  large  round- 
celled  sarcomata  are  seen  which  are  apparently  derived  from  connective  tissue, 
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yet  show  such  a  well-marked  alveolar  arrangement  that  they  cannot  be 
distinguished  from  epithelial  carcinoma ta  under  the  microscope.  The  alveoli 
of  these  tumours  are  sharply  defined  and  contain  large,  closely-packed  cells 
exactly  similar  to  epithelial  cells  (Fig.  416).  It  is  only  the  derivation  of  these 
tumours  from  connective  tissue  which  justifies  us  in  separating  them  from  the 
carcinomata  and  calling  them  endotheliomata  (Golgi).  They  have  also  been 
termed  endothelial  carcinomata  (Schulz)  and  epitheliomata  of  the  serous 
membranes  (Robin),  names  which  are  intended  to  indicate  that  the  tumours  are 
developed  from  the  endothelial  lining  of  the  lymphatics,  the  serous  cavities,  or 
the  connective  tissue  spaces.  Such  tumours  are  sometimes  found  in  the  pleura 
and  in  the  peribronchial  connective  tissue  of  the  lungs,  Avhich  is  well  supplied 


Fig.  416.— Endothelioma  of  the  skin  of  the  thigh.    A  tumour-like  autonomous  growth  from  the  endothelium 
of  the  lymphatic  vessels.    Some  capillaries  are  seen  in  the  neighbouring  tissues.    x233. 

Avith  lymphatics,  in  the  cerebral  membranes,  and  occasionally  in  other  situa- 
tions, especially  the  skin  (Fig.  416).  When  the  cell  proliferation  continues, 
the  alveolar  structiu-e  of  the  tumour  is  sometimes  lost,  so  that  its  older  parts 
become  converted  into  a  simple,  large  round-celled  sarcoma. 

The  small  round-celled  sarcoma  (Fig.  417)  is  distinguished  by  the  smaller 
size  of  its  cells.  These,  as  a  rule,  are  uniformly  distributed  Avithout  any 
marked  alveolar  arrangement  and  lie  among  a  scanty  intercellular  substance. 
It  is  relatively  very  highly  cellular,  and  is  therefore  exceedingly  malignant  as  a 
rule.     Its  structure  very  closely  resembles  that  of  embryonic  connective  tissue. 

The  flat-celled  sarcoma  (sarcoma  planocellulare)  has  become  more  accurately 
known,  especially  through  the  researches  of  E.  Neumann.  It  consists  of  flat, 
connective  tissue  cells  which  resemble  endothelial  cells  (Fig.  418).  It  is 
therefore  frequently  associated  with  the  round-celled  endothelioma.     The  flat 
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cells  are  applied  to  each  other  in  multiple  concentric  laminse,  like  the  coats  of 
an  onion,  so  that  in  fine  sections  through  the  tumour  they  are  seen  sometimes 
on  their  flat  surface,  sometimes  on  their  edge,  in  which  case  they  appear  to  be 
spindle-shaped.     These  tumours  are  chiefly  situated  in  the  cerebral  membranes, 


Fig.  ■117.— Small  round-celled  sarcoma  of  the  ileum,  showing  nuclear  fragmentation,    a,  x  300  ;  h,  x  1250. 

especially  the  dura  mater  and  its  prolongation  to  form  the  sheath  of  the  optic 
nerve.  The  tumours  which  develop  in  these  regions  frecjuently  contain  con- 
centrically laminated  calcareous  concretions  (psammo-sarcoma  planocellulare). 

In  myxo-sarcomata  there  are  frequently  branching  cells  whose  processes 
appear  to  be  connected  Avith  each  other  here  and  there.  Accordingly,  this 
form  of  tumour  may  be  termed  stellate  or  reticulate  celled  sarcoma  (sarcoma 
reticulo-cellulare).  According  to  the  character  of  the  cells,  a  jyigment  cell 
sarcoma   or   melano-sarcoma,   distinguished  by   a    more    or    less    well-marked, 


Fig.  418.— Psammo-sarcoma  plano-cellulare  of  the  dura  mater  of  the  cord,  showing  numerous  blood-vessels 

cut  across,  x  322. 

granular,  brown,  autochthonous  pigmentation  of  the  cells,  may  be  diff"erentiated 
(Figs.  419  and  412).  This  tumour  must  be  described  as  highly  malignant, 
because  of  its  great  tendency  to  form  metastases  both  by  way  of  the 
blood-vessels  and  of  the  lymphatics  (Fig.  203).  Sometimes  innumerable 
nodules  of  melanotic  sarcomata,  the  size  of  lentils,  peas,  walnuts,  or  larger,  are 
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found  throughout  all  the  organs.  Since  the  cells  of  the  primary  melanotic 
sarcoma  are  not  all  pigmented  as  a  rule,  the  metastatic  growths  are 
both  pigmented  and  unpigmented.  The  occurrence  of  melanuria  has  been 
already  mentioned.  The  primary  melanotic  sarcomata  arise  mostly  in  the 
choroid,  in  the  iris,  or  in  the  skin,  especially  in  that  over  the  parotid  and  in 
that  of  the  foot.  Sometimes  a  pigmented  naevus  of  the  skin  forms  the 
starting-point  of  a  melanotic  sarcoma. 

Lastly,  the  giant-celled  sarcoma  (sarcoma  gigantocellulare,  myeloid  sarcoma) 
is  distinguished  by  the  special  form  of  the  cells.  It  is  frequently  found  in  the 
marrow  of  the  long  bones  and  in  the  periosteum  of  the  lower  jaw.  It  occurs, 
however,  in  other  organs,  e.g.  by  no  means  infrequently  in  the  mamma.  The 
giant^celled  sarcoma  does  not  consist  exclusively  of  giant  cells,  however.  These 
cells,  Avhich  are  distinguished  by  the  large  number  of  their  nuclei,  as  well  as 
by  their  great  size,  are  found  in  varying  numbers  in  spindle  or  romid  celled 
sarcomata.  The  giant -celled  sarcoma  is  thus  a  sarcoma  which  contains  at 
least  two  different  forms  of  sarcoma  cells.     Other  myeloid  sarcomata  are  also 


Fig.  419. — Spindle-celled  melanotic  sarcoma  from  the  skin  of  the  foot,  x  400. 


seen,  which,  apart  from  the  giant  cells,  contain  various  other  forms  of  cells, 
transitions  between  spindle,  round,  and  stellate  cells. 

It  has  been  stated  repeatedly  that  sarcomata  frequently  undergo  retro- 
gressive metamorphoses,  such  as  albuminous  and  fatty  degenerations,  caseation 
and  mucoid  softening,  with  and  without  ulcei'ation.  Sometimes,  also,  simple 
hyaline  degenerations  set  in  which  give  the  tumour  a  peculiar  character  and 
have  led  to  the  term  cylinclroma.  Under  this  name,  however,  adenomatous, 
sarcomatous,  and  carcinomatous  tumours  are  described,  which  are  distinguished 
by  the  presence  of  hyaline  cords,  clubs,  and  spheres.  It  appears,  therefore,  to 
serve  no  purpose  to  adhere  to  the  term  cylindroma.  But  it  is  of  interest  to 
note  that  hyaline  masses  of  various  forms  occur  in  sarcomata,  and  that,  in 
certain  cases,  these  hyaline  masses  are  regularly  distributed  throughout  the 
tumour.  Individual  parts  of  a  sarcoma  may  undergo  hyaline  degeneration  in 
such  a  way  that  blood-vessels,  surrounded  by  sarcoma  cells,  are  found  in  the 
hyaline  masses.  In  other  cases,  the  hyaline  degeneration  affects  the  adventitial 
coat  of  the  capillaries  specially,  while  the  sarcoma  cells  remain  intact.  The 
sarcomatous  tissue  is  then  traversed  by  hyaline  cords  and  cylinders,  in  the  axis 
of  which  the  capillary  vessels  are  situated. 
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The  localisation  of  the  primary  sarcomata  may  be  discussed  very  briefly, 
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Fig.  420. — Periosteal,  giant-celled  sarcoma  of  the  under  jaw.    The  giant  cells  in  this  case  are  apparently 
formed  by  a  proliferation  of  the  endothelium  lining  the  lymphatic  vessels.    x274. 

since  the  situations  of  the  organoid  tumours  have  already  been  fully  considered. 
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421. — Sarcoma,  showing  hyaline  degeneration,  from  the  forearm  of  a  man  of  sixty-five,  x  154. 

The  sarcomata    are    to    be    regarded    as    cellular    and    highly  autonomous 


592  CARCINOMA 


variations  of  the  non-epithelial  constituents  of  the  organoid  tumours,  whether  it 
be  that  they  develop  from  organoid  tissue  already  present,  or  that  they  are 
cellular  tumours  from  the  first.  Accordingly^  the  primary  sarcomata  occur  in  the 
same  situations  as  the  corresponding  organoid  tumours.  The  only  difference 
is  that,  in  certain  places  and  organs,  the  tumour  formation  more  frequently 
assumes  a  cellular  character,  while,  in  other  places,  it  more  frequently 
maintains  its  organoid  character.  The  neuro-fibroma  of  the  skin,  and  the 
fibroma  of  the  nerve  trunks,  very  rarely  become  sarcomatous ;  on  the 
other  hand,  a  transition  into  sarcoma  is  comparatively  often  observed  in  the 
organoid  tumours  of  the  skin,  termed  nsevi.  Sarcomata  are  also  frequently 
formed  on  the  periosteum  and  in  bone -marrow,  situations  in  which  fibromata 
are  decidedly  less  common. 

The  following  may  accordingly  be  mentioned  as  the  principal  sites  of  sarco- 
matous tumours  : — 

(1)  Skin,  tendons,  fasciae,  sheaths  of  vessels,  dura  mater,  choroid,  serous 

membranes. 

(2)  Periosteum  and  bone -marrow,  preferably  the  jaw,  the  orbit,  the  acces- 

sory cavities  of  the  nose,  the  femur,  and  the  tibia. 

(3)  Parotid,  lymph -glands,  testicle,  kidneys,  mamma,  ovary. 

(4)  Brain,  retina. 

The  special  local  characters  of  these  and  other  sarcomata  will  be  described 
in  the  special  pathological  anatomy. 
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(b)  Carcinoma 

Carcinomata  or  cancers  are  cellular  tumours  in  which  proliferated  epithelial  cells 
form  the  essenticd  constituent  and  determine  the  course  of  the  disease. 

Like  the  sarcomata,  the  carcinomata  are  highly  malignant.  This  is 
indicated  chiefly  by  their  rapid  gi'owth,  by  their  tendency  to  ulcerative 
destruction  and  to  local  recurrence  after  removal  by  operation,  and  by  the 
early  formation  of  metastatic  secondary  tumours.  The  metastasis  occu.rs 
principally  by  way  of  the  lymphatics  {Andral,  E.  Wagner,  v.  Recklinghausen, 
Langhans,  Koster),  so  that  the  metastatic  tumours  first  appear  in  the  neigh- 
bouring lymph-glands.  The  septa  and  sheaths  of  peripheral  nerve  twigs  also 
frequently  provide  means  for  the  migration  of  the  tumour  germs.  Thus,  in 
carcinoma  of  the  lower  lip  which  spreads  to  the  lower  jaw,  metastases  occiu' 
along  the  course  of  the  inferior  dental  nerve.  These  may  extend  along  the 
whole  length  of  the  inferior  dental  canal  and  come  to  the  surface  at  its  posterior 
opening.  Li  cancer  of  the  uterus  whole  rows  of  cancer  nodules  are  repeatedly 
observed  along  the  sympathetic  nerves.  Metastasis  of  the  cancer,  by  way  of 
the  circulation,  is  less  common  as  a  rule.  It  is  only  in  primary  carcinoma 
of  very  vascular  organs  that  it  occurs  at  all  frequently.  Thus  carcinomata  of 
the    stomach    almost    invariably    produce    metastatic    tumours    in    the    liver 
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by  the  transmission  of  cancer  cells  through  the  portal  vein.     Carcinomata  of 
the  penis,  also,  which  penetrate  deeply  into  the  cavernous  spaces  of  the  corpus 
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Fig.  422.— Recent  nodule  of  carcinoma  from  an  adenoma  of  the  mamma  in  an  old  woman,     c,  Carcinomatous 
nodule  ;  /,  fatty  tissue  ;  5,  nodular  adeno-fibroma  of  the  mamma.    Three-fourths  natural  size. 

cavernosum,  sometimes   infect   the   blood   and   may   thus   produce   metastatic 
cancer  nodules  in  distant  organs,  such  as  the  bone-marrow. 

Primary   carcinomata  arise  when  pre-existing  epithelium  begins  to  grow 


Fig.  423. — Small-alveolar  round-celled  carcinoma  developing  from  an  adeno-fibroma  of  the  mamma,  x72. 

without   restraint   and    breaks    through    into  neighbouring  tissues  (Thiersch, 
Waldeyer). 
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This  highly  autonomous  epithelial  proliferation  which  distinguishes  car- 
cinoma may  start  from  the  epithelial  constituents  of  organoid  tumours. 
It  is  thus  a  cellular  variation  of  an  wganoid  tumour.  Fig.  422  may  serve  as  an 
example  of  such  a  process.     It  shows  an  adeno-fibroma  of  the  mamma  which 
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has  presumably  lasted  for  years.  A  soft  carcinoma,  resembling  brain  substance, 
has  developed  within  it  in  the  course  of  a  few  months.  Microscopic  investiga- 
tion of  this  case  showed  quite  distinctly  the  transition  of  the  glandular 
constituents  of  the  adeno-fibroma  into  the  alveolar  arrangement  of  the  epithelial 
cancer.  The  microscopic  appearances  in  Fig.  423  show  even  more  clearly  the 
formation  of  a  mammary  cancer,  with   small  alveoli  and  a   large   amount   of 
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connective  tissue.  This  was  also  developed  from  an  adeno-fibroma.  The 
growth  of  the  ducts  of  the  gland  is  seen  distinctly,  and  also  their  transition 
into  the  alveoli  of  the  cancer,  filled  with  epithelium.  In  like  manner, 
papilloma  of  the  bladder,  adenoma  of  the  kidney,  the  multilocular  cyst  of 
the  ovary,  and  many  other  organoid  tumours  which  contain  epithelium  undergo 
cellular  transformation  into  carcinomatous  tumours. 

In  other  cases,  the  carcinoma  arises  ])nmarilii  as  a  cellular  tumour  without 
passing  through  any  previous  organoid  stage.  The  unrestrained  growth  of  epi- 
thelium starts  from  the  protective  and  glandular  epithelium  of  the  organs.  Fig. 
424  shows  such  an  occurrence,  the  development  of  a  squamous  epithelial  cancer 
from  the  skin.  The  proliferation  of  the  rete  Malpighi,  the  hair  follicles,  and  the 
sebaceous  glands  leads  first,  in  this  case,  to  an  enlargement  of  this  part  of  the 
skin,  the  characteristic  structure  being  maintained.  But  the  proliferating  cells 
are  soon  formed  into  strands  of  epithelial  cells,  arranged  like  a  net,  which  have 
lost  their  typical  character  and  grow  in  a  downward  direction  without 
restraint.  In  development  of  carcinoma  of  the  stomach  and  rectum  the  conditions 
are  similar.  In  these  growths  also,  if  they  do  not  develop  from  previously 
formed  adenomata,  the  tubules  of  the  glands  increase  in  size  before  they  go  on  to 
form  cancer  alveoli.  The  hyperplastic  glandular  growth  is  only  a  transitory 
stage  of  development  which  soon  gives  place  to  the  autonomous  cancer  growth. 

In  all  carcinomata  a  growth  of  the  tissue  which  supports  the  epithelium,  i.e. 
the  stroma  of  the  part,  keeps  pace  with  the  epithelial  growth.  This  supporting 
tissue  is,  as  a  rule,  connective  or  mucoid  tissue.  In  special  cases,  however, 
these  are  replaced  by  other  tissues.  Thus,  in  cancer  of  the  uterus,  the  epi- 
thelium is  found  embedded  in  tissue  composed  of  non- striped  muscle.  In 
carcinomata  which  invade  the  bones,  a  small  part  of  the  su2)porting  struc- 
ture is  formed  of  osseous  tissue.  In  metastatic  carcinoma  of  the  lungs, 
the  lung  alveoli  sometimes  become  filled  with  autonomous  cancerous  epithelial 
growths. 

The  proliferation  of  the  interstitial  tissue  leads  first  to  new  formation  of  a 
cellular  granulation  tissue  (Fig.  424,  g),  which  is  sooner  or  later  transformed 
into  very  cellular  fibrillar  connective  tissue,  or  into  cicatricial  tissue  containing 
only  few  cells.  This  proliferation  of  the  interstitial  tissue  appears  to  be  a  very 
subordinate  process,  inasmuch  as  it  varies  very  gi^eatly  in  its  amount.  While 
many  carcinomata  become  cicatrised  throughout  a  great  extent,  in  others 
the  proliferation  of  the  interstitial  tissue  is  so  slight  that  only  very  careful 
examination  can  detect  it. 

Carcinoma  is  to  be  regarded  as  one  of  the  commonly  occurring  morbid 
processes ;  but  the  various  epithelial  organs  and  parts  of  organs  are  by  no  means 
equally  frequently  afi'ected.  Cancer  formation  is  specially  commonly  found  at 
the  orifices  of  the  various  cavities  of  the  human  body,  e.g.  the  lips,  the  entrance 
to  the  larynx,  the  cardia  and  pylorus  of  the  stomach,  the  anus  and  the  external 
orifice  of  the  uterus,  the  external  orifice  of  the  male  urethra,  the  vulva,  and 
other  parts  which  are  frequently  subjected  to  mechanical  and  chemical  action 
dru'ing  the  passage  of  food,  faeces,  etc.  Some  of  these  are  also  situations  at 
which  two  diff"erent  varieties  of  epithelial  structures  meet  each  other ;  where, 
therefore,  disturbances  of  development  are  apt  to  happen.  In  other  cases,  ulcers 
are  the  starting-points  from  which  carcinomata  develop,  e.g.  the  chronic  ulcer  of 
the  leg  (Fig.  425),  the  perforating  ulcer  of  the  foot  (Zahn),  simple  gastric  ulcers, 
and  the  ulcers  which,  in  chronic  catarrh  of  smokers,  are  formed  on  the  tongue 
through  the  pressure  of  the  teeth  or  the  pipe -stem.  In  the  same  way  carcino- 
mata arise  in  slowly-healing  burns  of  the  skin,  in  issues,  or  in  consequence  of 
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the  action  of  poisons,  of  paraffin  for  instance,  as  has  already  been  described  in 
detail  in  the  chapter  on  the  general  etiology  of  tumours. 

If  it  be  added  that  carcinomata  or  organoid  tumours,  which  may,  as  experi- 
ence shows,  sometimes  pass  into  carcinomata,  are  common  in  many  families,  the 
most  important  facts  have  been  stated  which  furnish  us  with  any  reliable 
conclusions  as  to  the  etiology  of  tumours.  As  has  been  already  discussed,  the 
external  influences  to  which  the  so-called  ostia  and  ulcers  are  specially  exposed, 
are  of  some  importance. 

What  part  micro-parasites  play  among  these  external  influences  is  still 
doubtful,    especially    as    the   opinions   which    Malassez   and  myself   expressed 

concerning  the  nature  of  the  bodies 


A' 


Their   etiological  im- 
however,    altogether 


included  in  cancer  cells,  which  we 
were  the  first  to  regard  as  parasites, 
are  at  variance.  All  that  can  be 
said  at  present  is,  that  the  discussion 
carried  on  by  Strobe,  Nils  Sjobring, 
Siegenbeck  van  Heukelom,  Eamsay 
Wright,  Eussel,  Pfeifter,  Steinhaus, 
W.  Podwyssozld,  Sawtschenko, 
Warren,  Ruffer,  Walker,  Plimmer, 
Foa,  Noeggerath,  Ribbert,  Soudake- 
witsch,  Korotneff  and  others,  render 
it  probable  that  very  minute  animal 
parasites  are  as  frequently  present 
in  carcinomata  as  are  certain  kinds 
of  bacteria, 
portance  is, 
questionable. 

We  can,  therefore,  only  make  the 
general  statement,  that  mechanical, 
toxic,  and  infectious  influences  are  of 
imjjortance  as  regards  the  etiology 
of  carcinoma,  but  we  cannot  as  yet 
define  this  importance  more  exactly. 
They  may  perhaps  act  as  determin- 
ing or  predisposing  causes.  With- 
out the  intervention  of  other  factors, 
they  would  not  suffice  for  the  pro- 
duction of  carcinoma,  however,  or 
carcinomata  would  occur  with  much 
greater  frequency,  and  would  ap- 
pear as  a  common  result  of  long- 
lasting  ulcers.  We  must  suppose  rather  that  there  is  a  peculiar  predisposition 
to  carcinomatous  disease,  some  peculiarity  of  the  individual  which  gives  the 
epithelium  the  power  to  grow  unrestrainedly. 

The  carcinomata  may  be  divided  according  to  their  origin  and  their 
macroscopic  characters  into  papillary  carcinoma,  adeno-carcinoma,  and  cysto- 
carcinoma. 

Papillary  carcinmia  may  be  regarded  as  a  cellular  variation  of  the  papilloma. 
It  arises  either  from  a  papilloma,  the  epithelial  cells  of  which  have  taken  on 
active  growth,  or  it  is  a  cellular  tumour  from  the  first.  It  resembles  the 
papilloma  in  so  far  that  its  surface  shows  papillary  elevations,  Avith  a  stem  of 


Fig.  425. — Carcinomatous  ulcer  on  the  leg  formed  from  a 
simple  ulcer.    One-flftli  natural  size. 
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vasculai'  connective  tissue  and  an  epithelial  investment.  The  difference  between 
the  two  forms  of  tumours  is  that  in  the  papillary  carcinoma  the  epithelial 
growth  passes  deeply  into  the  underlying  tissues  and  extends  branching 
epithelial  processes  within  them,  which,  in  structure  and  arrangement,  as  well 
as  in  their  relations  to  the  neighbouring  tissues,  agree  with  the  cellular 
processes  of  the  adeno-carcinoma.  In  papillomata,  on  the  other  hand,  these 
cellular  processes  are  not  present. 

The  adeno-carcinoma  is  to  be  regarded  as  a  cellular  variation  of  the  adenoma. 
It  may  develop  from  an  adenoma  by  active  cell  growth,  or  may  arise  as  a 
primary  adeno-carcinoma.  It  is  the  form  of  carcinoma  which  occurs  most 
frequently.       The    proliferating    epithelial    cells    are    arranged    in    branching 


Fig.  42(3. — Carcinoma  plano-cellulare  from  the  skin  of  the  temple  iu  a  uiau  of  fifty -eight,  x30. 


columns  or  strands  which,  in  transverse  section,  show  either  an  alveolar  or  a 
plexiform  arrangement. 

Adeno-carcinoma  is  distinguished  from  adenoma  by  the  fact  that  the 
epithelial  ceil  processes  do  not  show  the  same  relations  to  the  neighbouring 
tissues  as  is  the  case  in  adenomata  and  glands.  In  glands  and  adenomata 
the  boundary  between  the  epithelial  constituents  and  the  adjacent  vascular 
supporting  tissue  is  not  infrequently  formed  by  a  membrana  propria ;  or  the 
supporting  tissue  and  the  blood-vessels  show  a  typical  arrangement,  adapted  to 
the  epithelial  constituents,  and  mostly  concentric  around  these.  None  of  these 
peculiarities  are  present  in  carcinoma,  and  neither  is  the  special  arrangement  of 
the  protoplasm  of  the  cells  of  the  glands,  the  knowledge  of  which  we  owe 
mainly  to  the  investigations  of  Heidenhain. 
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Cysto-carcimma  arises  from  ca  cystoma.  It  retains  the  cystic  cavities  of  the 
cystomata ;  but,  at  the  same  time,  it  also  shows  typical  growths,  resembling 
adeno-carcinoma  in  structure,  which  proceed  from  the  epithelial  lining  of  the 
cysts. 

The  great  majority  of  carcinomata  possess,  if  the  above  classification  be 
adopted,  the  structure  of  adeno-carcinoma.  The  need  of  a  further  distinction  is 
therefore  felt,  especially  of  one  which  would  allow  us  to  determine  the  various 
degrees  of  malignancy  of  the  tumour  in  individual  cases.  The  shape  of  the 
epithelial  cells  offers  a  convenient  criterion  for  this  purpose. 

The  carcinomata  may  be  divided  broadly  into  sc[uamous  epithelial  cancer, 
round-celled  cancer,  and  cylindrical-celled  cancer. 


Fig.  427. — Au  alveolus  from  a  squamous  epithelioma  of  the  skiu  of  the  cheek.    Greatly  magnified.     In  the 
centre  there  is  a  horny  epithelial  pearl-like  growth,    x  276. 

The  sqxunnous  epithelial  cancer,  carcinoma  2:ilano-celhdare  (epithelioma),  consists  of 
an  interstitial  tissue  of  varying  structiu'e,  containing  alveoli  of  varying  sizes, 
which  are  filled  Avith  laminated,  squamous  epithelium  (Fig.  426).  The  yovinger 
cells,  Avhich  resemble  in  structure  the  cells  of  the  rete  Malpighi  of  the  epidermis, 
lie  at  the  perijiheral  part  of  the  contents  of  the  alveoli.  These  are  round  or 
longish  cells  which,  under  high  powers,  frequently  appear  as  prickle  cells,  since 
their  surface  is  not  flat  but  finely  toothed  (Fig.  427).  The  columnar  cells  of 
these  youngest  layers  are  placed,  as  a  rule,  nearly  at  right  angles  to  the  surface  of 
the  interstitial  tissue  which  borders  them,  in  the  same  manner  as  the  germinal 
cells  of  the  rete  Malpighi.  Towards  the  middle  of  the  alveolus  the  cells 
become  gradually  flattened  and  form  nests  of  cells,  pressed  together  like  the 
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coats  of  an  onion.  The  outermost  cells  contain  nuclei,  but  these  disappear 
as  the  centre  is  approached.  The  innermost  layer  of  these  cells  may  calcify, 
and  thus  produce  the  so-called  cancer  pearls  (cell  nests,  Fig.  427),  or  they 
swell  up  and  become  transformed  into  colloid  masses  (Fig.  253).  It  should  be 
mentioned,  however,  that  in  many  epithelial  cancers  the  flattening  of  the  cells 
and  the  formation  of  cell  nests  is  seen  in  a  few  places  only,  and  that  both  the 
calcification  and  the  colloid  transformation  may  not  infrequently  be  absent. 
Squamous     epithelial     cancers    always    arise    from     stratified     squamous 
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Fig.  42S.— Plexiform  squamous  epithelioma  of  tlie  skin  of  the  brow  from  a  woman  of  sixty-seven,  x  74. 

epithelium  and  its  derivatives,  by  the  growth  and  invasion  of  adjacent  tissues 
and  organs  by  the  epithelial  cells  (Fig.  424).  Cancers  of  the  skin  arise  in  this 
way,  partly  from  the  rete  Malpighi,  and  partly  from  the  hair  follicles  and 
sebaceous  glands.  They  occur  most  frequently  on  the  loAver  lip ;  but 
carcinomata  of  the  skin  of  other  parts  of  the  face  are  not  rare.  Characteristic 
forms  of  squamous  epithelial  cancer  are  found  in  the  tongue,  oesophagus,  anus, 
vulva,  external  orifice  of  the  uterus,  and  the  penis.  In  rare  cases  squamous 
epitheliomata  may  develop  from  follicular  and  neoplastic  atheroma-cysts  and 
from  dermoids,  sometimes  also  from  papillary  Avarts  and  nsevi. 
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All    squamous    epithelial  cancers  show  a  great  tendency   to   ])reak   down 
superficially  and  thus  form  the  carcinomatous  ulcer,  the  soft  and,  in  many  cases, 

^  ^  _  swollen  margins  of  which  render 
diagnosis  easy.  Metastases  usually 
first  appear  along  the  lymphatics. 
The  neighbouring  lymph -glands 
proliferate  and  swell ;  and  sub- 
sequently cancerous  alveoli,  with 
squamous  epithelium,  are  found 
within  them.  Metastases  along  the 
lines  of  nerves  involved  in  the 
cancer  growth  are  rarer.  Finally, 
at  a  relatively  late  stage,  metastases 
by  means  of  the  circulation  may 
occur,  especially  in  the  lungs.  There- 
fore, although  the  epithelial  carcin- 
oma is  a  relatively  less  malignant 
neoplasm  as  regards  the  formation 
of  metastases,  it  is,  at  the  same 
time,  difficult  to  cure,  since,  in  the 
majority  of  cases,  there  are  local 
recurrences  in  the  scar  after  removal 
by  operation. 

The   appearance  presented  by 
squamous  ej^ithelioma  in  the  vari- 


ous organs  Avill  be  described  with 
their  special  morbid  anatomy.  It 
should  be  mentioned,  however,  that 
great  differences  are  found  with  re- 
gard to  the  character  of  the  alveoli. 
The  usual  form  can  be  seen  in  Fia". 
426.  The  strands  of  epithelium 
which  are  really  connected  Avith 
each  other,  appear  on  section  in  the 
figure  as  irregularly  rounded  foci 
Avhich  are  joined  here  and  there. 
If  these  communications  are  fairly 
numerous  and  the  epithelial  strands 
narrow  (compare  the  magnifications 
of  the  various  figures),  these  appear 
on  microscopic  sections  as  a  plexi- 
form  arrangement  of  the  strands  of 
epithelial  cells.  According  to  the 
investigations  of  v.  Eecklinghausen 
and  Koster,  this  is  the  case  when 
the  epithelial  cancer  growth  breaks 
into  the  lymph-vessels. 

A  peculiar  form   of   squamous 

epithelial  cancer  of  the  skin  is  the 

"  ulnii  rodens  {rodent  nicer),  a  small 

ulcer  which  is  sometimes  met  with  on  the  skin  of  the  face,  especially  in  the 

neighboui'hood  of  the  eyelids.     This  ulcer  is  peciiliar,  inasmuch  as  it  spreads  at 
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one  part  of  its  periphery,  while  other  parts  cicatrise  and  again  become  covered 
with  epithelium.  The  ulcer  spreads  irregularly.  Microscopic  examination 
shows,  however,  that  it  is  a  superficial  carcinoma  of  the  skin  which,  in  its  pro- 
gress, first  ulcerates  and  then  cicatrises  (Fig.  429).  It  is,  relatively,  the  least 
malignant  form  of  carcinoma. 

The  roiind-cellecl  carcinoma  {carcinoma  gloho-cellulare)  contains  in  its  alveoli  cells 
which  are  either  exclusively  round,  or  as  a  rule,  rendered  polyhedral  by  mutual 
pressure.  The  general  character  of  these  cells  may  be  termed  isodiametric, 
since  all  diameters  of  individual  cells  are  approximately  alike. 

Histosrenetically  these  tumours  arise  from  glands  and  olandular  tumours 
which,  like  the  mamma,  the  salivary  glands,  and  the  liver,  are  provided  Avith 
isodiametric  epithelium  ;  and,  secondly,  from  cylindrical  epithelium  of  mucous 
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Fig.  430. — JlcduUary  large-alveolar  round-celled  carcinoma  of  the  mamma  invading  the  fatty  tissue  round 

about  it,  X 147. 

membranes  and  glands.  In  this  second  case,  when  the  cylindrical  epithelium 
of  the  stomach  and  intestinal  canal  gives  rise  to  a  round-celled  cancer,  we  may 
term  it  a  metaplasia  of  epithelium.  This  represents  at  the  same  time,  however, 
an  arrest  of  the  epithelial  neoplasm  at  a  lower  stage  of  development,  in  which  it 
does  not  possess  the  specific  peculiarities  in  form  of  the  completely  developed 
epithelium.  Those  round-celled  carcinomata  which  only  imperfectly  repeat  the 
type  of  epithelial  structure  Avhich  prevails  in  the  part  from  which  they  are 
formed,  are  usually  distinguished  by  a  high  degree  of  malignancy. 

Tiie  round-celled  carcinoma  may  be  divided  into  large-alveolar  and  small- 
alveolar  forms. 

The  large-alveolar  round-celled  carcinoma  shows,  on  transverse  section  of  the 
alveoli,  a  large  number  of  epithelial  cells,  often  many  hundreds.  The  individual 
epithelial  cells  are  frequently  so  closely  pressed  against  each  other  that  the  out- 
lines of  the  cells  are  difficult  to  recognise  (Fig.  430),  or  can  only  be  seen  in  very 
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fine  sections,  especially  when  the  cells  are  somewhat  shrunken  by  embedding  in 
paraffin.  It  occurs  in  three  forms — the  medullary,  the  scirrhous,  and  gela- 
tinous carcinoma.  The  medullary  form,  Avhich  resembles  brain  substance  (Fig. 
430),  is  distinguished  by  rapid  growth.  Between  the  growing  masses  of  epi- 
thelium there  are  relatively  small  processes  which  mostly  consist  of  connective 
tissue.  This  represents  the  stroma  of  the  part,  which  is  only  slightly  pro- 
liferated, and  is  in  some  places  infiltrated  with  small  cells.  Into  it  the  epi- 
thelial cells  penetrate.  If  the  proliferation  of  the  original  tissue  is  greater,  the 
scirrhous  variety  is  formed,  the  large-alveolar  scirrhus  (Fig.  431).     In  this  case 
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Fig.  431.— Large-alveolar  scirrlms  of  the  mamma,  x88. 

the  growth  of  the  connective  tissue  takes  place  subsequent  to  the  new  formation 
of  epithelium.  A  small  portion  of  the  margin  of  the  tumour  consists  of  soft 
medullary  cancer,  while  its  main  central  portion  is  scirrhous.  In  consequence 
of  the  cicatricial  contraction  of  the  newly-formed  connective  tissue  the  alveoli 
in  the  scirrhous  part  are  usually  smaller  than  those  in  the  medullary  part. 
In  other  cases  the  large-alveolar  scirrhus  develops  directly  without  passing 
through  the  medullary  stage,  e.g.  when  an  adenoma  of  the  mamma  which  con- 
tains much  connective  tissue  is  transformed  into  a  large-alveolar  scirrhus.  I 
have  proved  to  my  own  satisfaction  that  very  many  carcinomata  of  the  mamma 
develop  from  adeno-fibromata,  and  these  carcinomata  may  appear  indifferently 
as  small-alveolar  or  large-alveolar,  as  medullary  or  as  scirrhous,  and  gelatinous 
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growths.  Scirrhus  is  distinguished,  however,  by  its  slow  growth  and  by  the 
relatively  late  period  at  which  metastases  appear.  The  growth  of  the  scirrhus 
is  so  very  slow  under  certain  circumstances  that  the  primary  tumour,  when  situ- 
ated in  a  large  organ — a  breast  with  much  fatty  tissue,  for  instance — may  not  be 
observed  during  life  until  there  is  distinct  enlargement  of  the  glands  of  the  axilla. 
This  is  not  usual,  however.  As  a  rule,  the  swelling  of  the  glands  in  the  axilla 
does  not  appear  until  some  time  after  the  carcinoma  in  the  breast  is  evident. 

The  gelatinous  (colloid)  form  of  the  large-alveolar  round-celled  carcinoma 
generally  develops  from  the  medullary  form.  The  contents  of  the  alveoli,  and, 
under  certain  circumstances,  the  connective  tissue  stroma  also,  undergo  myxo- 
matous degeneration,  and  are  transformed  into  a  soft,  glassy,  transparent  sub- 
stance. The  gelatinous  round-celled  carcinoma  is  regarded,  as  a  rule,  as  a 
slowly -growing  tumour,  in  which  the  development  of  metastasis  is  late.  In 
this  respect  it  differs  considerably  from  the  gelatinous  round-celled  carcinoma 
found  in  the  stomach  and  intestines. 

The  small-alveolar  round-celled  carcinoma  on  transverse  section  shows  alveoli, 
each  of  which  contains  only  a  few  cells,  usually  from  two  to  ten.  It  also  occurs 
in  three  forms — medullar)!,  scirrhous,  and  gelatinous  (colloid).  In  many  cases, 
especially  when  in  the  mamma,  it  arises  from  an  autonomous  growth  of  isodia- 
nietric  glandular  epithelium.  It  may  appear  in  this  situation  as  a  soft  medullary 
growth,  and  afterwards  become  transformed  into  a  scirrhous  or  gelatinous 
tumour.  Not  infrequently  it  develops  from  an  adeno-fibroma  of  the  mamma, 
and,  in  this  case,  has  the  character  of  a  scirrhus  from  the  first  (Fig.  423).  This 
is  not  a  necessary  result,  however.  Many  of  the  small-alveolar  carcinomata 
developed  from  fibro-adenoma  of  the  mamma  are  soft  medullary  tumours  to 
begin  with,  and  may  continue  so.  The  small-alveolar  carcinomata  which  con- 
sist of  isodiametric  glandular  epithelial  cells  and  are  sj^ecially  common  in  the 
mamma,  are  relatively  malignant  tumours.  Like  other  carcinomata  they  extend 
to  the  muscles,  jjleura,  and  lungs,  the  subcutaneous  tissue  and  skin,  if  they  have 
existed  any  length  of  time.  They  may  spread  over  large  areas  of  the  trunk 
and  neck  and  so  form  a  diffuse,  hard,  secondary  cancer  of  the  skin,  or  the  so-called 
cancer  en  cuirasse.  The  dift'use  secondary  cancer  of  the  skin  is  due  to  the  local 
metastases  of  carcinoma  of  the  mamma,  which  appear  as  flat,  circumscribed 
thickenings  of  the  corium  and  extend  over  the  skin  of  the  breast  and  abdomen. 
The  epidermis  Avhich  covers  these  tumours  sometimes  shows  no  change  what- 
ever. The  flat  tumours,  which  measure  about  i  to  4  cm.  on  their  surface, 
appear  under  the  microscope  as  a  dense  infiltration  of  the  connective  tissue 
spaces  of  the  corium  by  epithelial  cells.  The  corresponding  infiltration  of  the 
Avide  spaces  of  the  subcutaneous  cellular  tissue  Avith  cancerous  substance  gives 
rise,  on  the  other  hand,  to  a  rigid  growth  over  the  greater  part  of  the  trunk 
and  neck,  which  has  been  compared  to  a  cuirass  by  French  writers. 

A  great  number  of  the  small-alveolar  round-celled  carcinomata  are  formed 
by  an  autonomous  growth  of  the  tubular  glands  of  the  gastric  mucous  membrane 
(Fig.  432).  These  tumours  are  very  malignant  and  very  frequently  undergo 
myxomatous  degeneration  (Fig.  433),  the  contents  of  the  alveoli  and  the  sup- 
porting tissue  being  both  transformed  into  a  glassy  substance  containing  much 
mucin.  In  this  case,  however,  the  gelatinous  form  is  by  far  the  more  malignant, 
as  is  shown  by  its  rapid  extension  to  the  peritoneum,  and  to  other  organs  both 
near  and  remote,  such  as  the  intestine,  the  ovaries,  and  the  uterus. 

From  these  general  statements  the  highly  malignant  nature  of  the  round- 
celled  carcinomata  will  at  once  be  seen.  They  are  generally  the  most  malignant 
form  of  cancer  and  have  a  great  tendency  to  break  down  and  ulcerate.      They 
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also  spread  rapidly  to  some  distance  from  the  primary  tumour,  so  that  local 
recurrence  after  removal  of  the  primary  tumour  by  operation  is  the  rule.      They 


Fig.  432.— Small-alveolar  round-celled  carcinoma  of  the  stomach.    Section  taken  from  the  submucosa.    x  344. 

give  rise  to  metastases  in  far-removed  parts  by  means  of  the  lymphatics,  some- 
times by  means  of  the  blood  also.     In  the  latter  case  a  general  carcinomatous 


Fig.  433. — Small-alveolar  round-celled  carcinoma  in  the  pyloric  region  of  the  stomach,  showing  mucoid 

degeneration,  x344. 


infection  may  be   developed,  in  which   metastatic  carcinomata,  the  size  of   a 
linseed,  or  pea,  or  larger,  are  found  in  all  the  organs.     In  conclusion,  these 
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tumours  very  frequently  cause  the  grave  general  disturbance  of  nutrition 
known  as  cachexia,  which  is  chiefly  due  to  the  absorption  of  poisonous  products 
of  disintegration  formed  on  the  ulcerated  surface.  It  seems,  also,  that  growing 
cancerous  tissue  can  itself  produce  poisonous  substances  which  give  rise  to 
cachexia,  with  or  Avithout  the  presence  of  retrogressive  changes.  This  is  more 
specially  true  of  the  cases  in  which  cancerous  cachexia  is  produced  by  a  non- 
ulcerating  tumour.  Cancerous  cachexia  is,  however,  really  a  combination  of 
the   symptoms  of   chronic  leucocytosis  (see   p.   259)   and   oligocytha^mia,  and 
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Fig.  434. — Cylindrical-celled  cancer  of  the  rectum.  Section  taken  from  the  submucosa.  a,  Young,  solid  epithelial 
outgrowths  ;  6,  alveolus  with  a  single  layer  of  cylindrical  epithelial  cells  and  nuclei ;  c,  alveolus  with  a  single 
layer  of  cylindrical  epithelium  showing  more  than  one  layer  of  nuclei ;  d,  alveolus  whose  epithelial  covering 
is  partly  seen  on  the  flat,     x  163. 


of  atrophic  and  degenerative  diseases  of  the  liver,  kidney,  heart,  and  other 


organs. 


The  cylindrical-celled  carcinoma  (carcinoma  cylindro-cellulare)  develops  from  the 
epithelium  of  mucous  membranes,  from  glands,  and  from  organoid  tumours 
which  contain  cylindrical  epithelium. 

It  is  most  common,  therefore,  in  the  walls  of  the  stomach  and  intestine,  but 
is  sometimes  found  on  the  tongue  also,  where  it  proceeds  from  Bochdaleck's 
tubules,  and  in  other  situations.  The  alveoli  in  a  typical,  cylindrical-celled  car- 
cinoma are  lined  by  cylinder  cells  and  enclose  a  central  cavity  containing  fluid 
and  shed  disintegrating  epithelium  (Fig.  434).     Among  the  cylindrical  cells 
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lining  the  alveoli  some  goblet  cells  are  sometimes  found  (Fig.  255,  p.  391),  the 
mucoid  contents  of  which  are  mixed  with  the  fluid  contents  of  the  alveoli.  The 
cylindrical  epithelium  is  sometimes  only  in  one  layer,  the  cells  extending  from 
the  wall  to  the  inner  free  surface  of  the  alveolus.  As  a  rule,  the  nucleus  of  the 
cell,  and  therefore  the  swelling  of  the  cell  which  it  produces,  are  placed  at  vary- 
ing levels  in  the  diff'erent  cells  (Fig.  434,  c).  In  other  cases  the  cylindrical 
cells  lining  the  alveoli  are  in  several  layers.  It  will  be  noted  that  the  shape 
of  the  epithelial  cells  is  very  perfect,  although  they  do  not,  as  a  rule,  possess  all 
the  special  characteristics  of  the  protective  and  glandular  epithelium  of  the 
organs  and  organoid  tumours  from  which  the  carcinoma  was  developed.  Groups 
of  epithelial  round  cells  are  found  in  the  smaller  alveoli  of  such  tumours,  and 
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Fig.  435. — Development  of  a  cylindrical-celled  carcinoma  in  the  margin  of  a  large  cancerous  ulcer  of  tlie  rectum. 
Ill,  TO,  Muscularis  mucosa;  forming  the  boundary  between  mucosa  and  submucosa.    x  32. 

represent  early  stages  of  the  cylindrical  cells.  On  closer  investigation  they  are 
found  to  be  solid  buds  from  the  cylindrical  epithelium  lining  the  walls  of  the 
alveoli.  They  are  early  stages  in  the  development  of  the  tumours,  and  are 
present  in  very  varying  amount.  When  present  in  great  numbers,  the  tumour 
is  called  the  carcinoma  gloho-cylindro-cellulare — a  transition  form  between  the 
cylinder-celled  carcinoma  and  the  round-celled  carcinoma  which  proceeds  from 
protecting  cylindrical  epithelium. 

The  comparatively  advanced  development  of  the  epithelial  cells  in  the 
cylindrical-celled  carcinoma  corresponds,  as  a  rule,  to  its  somewhat  slow  growth 
and  its  comparatively  slight  malignancy.  In  many  cases  this  is  further  modified 
by  the  presence  of  a  large  quantity  of  granulation  or  cicatricial  tissue  round 
about  the  epithelial  cell  processes,  Avhich  tends  to  retard  the  epithelial  growth 
in    its    neighbourhood.     The    comparatively    complete    development    of    the 
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epithelial  cells  in  this  tumour  sometimes  renders  it  difficult  to  distinguish  it 
from  benign  adenomatous  growths. 

It  is  therefore  desirable,  for  the  sake  of  differential  diagnosis,  to  point  out 
certain  features  which  distinguish  these  tumours  from  adenomata.  The  external 
characteristics  give  some  such  indications,  since  the  cylindrical-celled  carcino- 
mata  usually  ulcerate  early,  whereas  this  is  less  common  in  adenomata.  The 
most  distinct  evidence  of  the  malignant  nature  of  the  cylindrical-celled  car- 
cinomata  is  the  fact  that  the  processes  of  epithelial  cells  invade  areas  which 
have  no  epithelium  under  normal  conditions.  The  adenoma  of  the  rectum,  for 
instance  (Fig.  392,  p.  567),  consists  of  ducts  lined  by  cylindrical  epithelium, 
which  may  have  a  certain  resemblance  to  the  growing  processes  of  the  cylin- 
drical ei^ithelial  cancer.  The  cylindrical-celled  adenoma  of  the  rectum  does  not 
pass  beyond  the  mucosa,  however,  as  may  easily  be  seen  under  the  microscope. 


Fig.  436. — Hyaline  degenerated  round-celled  carcinoma  of  the  mucous  membrane  of  the  antrum  of 

Highmore,  x72. 

It  lies  altogether  above  the  muscularis  mucosae.  The  cell  processes  in  the 
cylindrical-celled  cancer,  on  the  other  hand,  soon  pass  into  the  mucosa  and  the 
muscular  coat  of  the  intestine,  and,  as  a  rule,  into  the  neighbouring  soft  parts 
also  (Fig.  435).  Besides  this,  the  epithelium  of  the  cylindrical-celled  adenomata 
of  the  rectum  resembles  the  epithelium  of  Lieberkiihn's  glands  in  the  formation 
of  numerous  goblet  cells.  In  the  cylindrical-celled  carcinoma  there  are  very 
few  as  a  rule.  If  they  are  numerous,  large  portions  of  the  tumour  become 
transformed  into  myxomatous  tissue  and  the  gelatinous  variety  of  the  tumour 
is  formed,  the  carciiwrna  ci/lindro-ceUulare  gelatinosum,  which  may  easily  be  dis- 
tinguished from  adenoma  by  the  extensive  idceration  and  great  destruction  of 
tissue  which  it  produces. 

The  three  chief  varieties  of  carcinoma  just  described,  the  carcinoma  jjlano- 
cellulare,  globo-cellulare,  and  cylindro-cellulare,  include  all  the  cellular 
epithelial  tumours  which  occur.     Only  three  shapes  are  possible,  indeed,  as 


6o8  VI RC HOW'S  CLASSIFICATION 

regards  the  appearance  of  the  epithelial  cells.  They  ma}^  be  isodiametric 
structures,  as  in  round-celled  carcinoma,  or  flat  cells  with  one  short  and  two 
long  diameters,  as  in  squamous  epithelial  cancer,  or  finally,  they  may  be  cylin- 
drical, with  one  long  and  two  short  diameters,  as  in  cylindrical-celled  carcinoma. 
The  various  changes  which  these  epithelial  cell  growths  undergo  have  been 
discussed. 

All  that  remains  to  be  mentioned  now  is  that  in  many  cases  hyaline  spheres 
and  cylinders  are  present  in  the  carcinomatous  epithelial  growths  and  may  give 
the  tumour  an  unusual  appearance  (Fig.  436).  Some  of  these  tumours  have 
been  described  under  the  name  of  Cylindroma,  already  mentioned  under  Adenoma 
and  Sarcoma. 


This  account  of  the  cellular  tumours  requires,  finally,  a  few  Avords  of  ex- 
jjlanation.  Yirchow,  whose  wide  researches  have  been  the  foundation  for  the 
present  teaching  as  regards  tumours,  made  a  general  division  between  carcinoma, 
which  e^'idently  arises  from  connective  tissue,  and  cancroid,  which  arises  by 
proliferation  of  carcinomatous  tumours  formed  from  epithelium.  Both  car- 
cinoma and  cancroid  are  alveolar  tumours  containing  epiihelial  cells  in  the 
alveoli. 

This  opinion  presupposes  that  it  is  possible  that,  under  certain  circumstances, 
connective  tissue  cells  may  become  epithelial  cells.  It  cannot  be  said  that  this 
possibility  is  excluded  by  the  investigations  in  developmental  and  comparative 
histology.  In  the  human  body  after  birth,  however,  the  division  between 
epithelivmi  and  connective  tissue  seems  to  be  more  hard  and  fast,  although  some 
difficult  problems  will  meet  us  in  studying  special  pathological  anatomy.  It  is 
therefore  necessary  that  we  should  take  a  glance  backward  and  once  more 
examine  the  ground  gone  over. 

It  vvull  then  be  seen  that  the  connective  tissue  cancer  of  Yirchow  reappears 
in  the  above  account  in  the  various  forms  of  alveolar  sarcoma,  angio-sarcoma 
and  melanotic  sarcoma,  forms  which  were  first  di^^ded  from  carcinoma  by  J. 
Arnold  and  Billroth'  because  of  their  histolos-ical  orisjin.  These  tumours  are 
often  alveolar  in  structure,  and  cells  are  found  in  the  alveoli  which  it  is  difficult 
or  impossible  to  distinguish  from  epithelium,  even  when  a  careful  microscopic 
examination  is  made.  I  have  described  these  tumours  as  sarcomata,  because 
the  fact  that  the  alveolar  structure  generally  disappears  at  some  points  and 
gives  place  to  a  simple  sarcoma  strttcture  determined  the  question.  Their 
formation  from  connective  tissue  cells  may  be  regarded  as  certain,  and  we  are 
therefore  justified  in  comparing  their  cells  to  AValdeyer's  plasma  cells  of  the 
connective  tissue,  and  regarding  the  tumour  as  a  celltilar  variation  of  the 
connective  tissue  tiimours. 

Virchow's  cancroid,  on  the  other  hand,  will  be  found  among  the  large-alveolar, 
flat,  round,  or  cylinder-celled  carcinomata.  Their  development  from  epithelial 
cell  processes  was  recognised  by  Virchow.  Thiersch  and  Waldeyer  have  shown, 
however,  that  many  tumours  slightly  differing  from  cancroid  are  of  similar 
origin,  and  Hauser  has  recently  demonstrated  this  in  regard  to  the  small-alveolar 
carcinoma  of  the  digestive  tract.  I  can  confirm  this  on  the  strength  of  very 
extensive  researches.  I  believe  that  these  facts  justify  the  chief  distinction 
drawn  between  cellular  variations  of  the  epithelial  and  the  non-epithelial  forms 
of  tumour,  between  the  carcinomata  which  develop  from  epithelium,  and  the 
sarcomata  which  develop  from  the  other  forms  of  tissue. 
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CHAPTEE    XII 

GENERAL   DISEASES 

General  diseases  are  those  pathological  changes  in  the  structure  and 
function  of  the  human  body  which  aflfect  all  its  parts  more  or  less  severely.  In 
most  cases  they  are  the  result  of  primary  local  diseases  of  single  organs.  In 
other  cases  the  disease  is  general  in  its  character  from  the  beginning,  but  may 
specially  affect  individual  organs.  It  is  in  this  way  that  the  secondary  diseases 
of  organs,  which,  vinder  certain  circumstances,  resemble  the  primary  local  diseases, 
are  developed.  Numerous  proofs  of  these  statements  have  been  seen  in  dis- 
cussing trauma,  intoxications,  and  infections,  and  also  in  the  description  of  the 
autonomous,  tumour-like  new  formations. 

If  a  general  disease  is  defined  as  a  pathological  condition  which  affects  all 
parts  of  the  body,  it  is  thus  equivalent  to  the  sum  of  the  diseases  of  the  individual 
organs  vvhich  combine  to  form  it.  The  mutual  relations  of  the  various  organs 
in  man  and  their  dependence  upon  circulation  and  innervation,  as  well  as  upon 
the  special  causes  of  each  disease,  determine  the  various  forms  of  these  groups 
of  combined  diseases  of  the  organs.  This  is  really  an  important  part  of 
special  clinical  pathology,  but  must  be  briefly  touched  upon  here,  because  the 
diseases  of  the  organs  which  go  to  make  up  general  disease  are  also  the  object 
of  pathological  and  anatomical  investigation. 

Acute  disease  is  the  term  applied  to  those  forms  which  run  a  very  short 
course.  This  course  may  be  only  a  few  minutes  under  certain  circumstances, 
but  other  acute  diseases  are  more  protracted  and  may  sometimes  last  six  or 
eight  weeks.  Obviously  the  acute  general  diseases  may  be  similarly  classified 
according  to  their  duration.  They  may  be  divided  into  pyrexial  and  apyrexial 
forms. 

Fever  (pyrexia)  is  a  general  disturbance  of  metabolism  which  characterises 
many  acute  infections,  but  is  also  present  in  a  few  of  the  intoxications.  The 
most  important  symptom  is  the  rise  in  the  temperature  of  the  body.  The 
siu'face  temperature  in  man  shows  considerable  variation  normally,  but 
within  the  l)ody,  under  normal  circumstances,  it  only  varies  to  a  very  slight 
degree.  In  the  rectum  of  a  healthy  person  in  the  middle  of  the  day  it  averages 
approximately  37"2°  C.  (99°  F.)  (Jiirgensen) ;  in  the  axilla  it  is  0"l°-0'4°  C. 
(usually  0'2°  C.)  lower  (Ziemssen  and  Krabler),  therefore  about  36*9°  C.  These 
are  averages  Avhich  have  1>een  obtained  in  a  great  number  of  observations 
made  during  both  day  and  night.  The  following  table,  compiled  by  Jiirgensen 
and  Liebermeister,  gives  the  normal  temperature  at  each  hour  of  the  day  as 
follows : — 
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Normal  Temperature. 

In  the  Rectum 

(Jurgensen). 

111  the  Axilla  (Liebermeister). 

F. 

C. 

F.                 C. 

In  the  morning  in  bed  .... 

(98       ) 

36-6 

(97-8  )         36-5 

Before  breakfast     . 

(98-18) 

36-7 

(98      )         36-6 

After  breakfast 

(98-36) 

36-8 

(98-7  )         37-0 

In  the  forenoon 

(98-8  ) 

37-1 

(99-18)         37-3 

Before  lunch 

(99-18) 

37-3 

(99      )         37-2 

After  lunch    . 

(99-36) 

37-4 

(99-18)         37-3 

In  the  afternoon 

(99-5  ) 

37-5 

(99-36)         37-4 

Before  dinner 

(99-7   ) 

37-6 

(99      )         37-2 

After  dinner  . 

(99-36) 

37-4 

(98-8  )         37-1 

Before  going  to  bed 

(98-8  ) 

37-1 

(98-36)         36-8 

f 

(98-7  ) 

37-0 

(98      )         36-6 

During  the  night  .... 

(98-36) 

36-8 

(97-18)         36-2 

(. 

(98-36) 

36-8 

(97-18)         36-2 

According  to  this  table  the  temperature  shoAvs  regular  daily  variations  amount- 
ing to  about  1°  C.  The  minimum  is  seen  to  be  reached  in  the  early  morning 
hours,  the  maximum  about  five  o'clock  in  the  afternoon. 

Even  in  ancient  medicine  physicians  had  accepted  heat  as  a  symptom  patho- 
gnomonic of  fever.  Nevertheless,  it  was  not  until  the  thermometer  had  been 
invented  and  improved  by  Galileo,  the  Accademia  del  Cimento,  Carlo  Renaldini, 
and  Fahrenheit  (in  Danzig),  that  Boerhaave  "was  able  to  make  use  of  it  in  the 
study  of  fever,  and  thus  to  lay  the  foundations  of  a  great  number  of  important 
investigations,  of  which  those  of  Breschet  and  Becquerel,  Gierse,  Zimmermann, 
Traube,  Biirensprung,  Wunderlich,  Leibermeister,  Wachsmuth,  Ackermann, 
Naunyn,  Senator,  Leyden,  Winternitz  and  Riegel  must  be  specially  mentioned. 

These  researches  not  only  show  that  the  fever  is  accompanied  by  a  rise  of 
the  temperature  of  the  body,  but  also  that  the  course  of  the  temperature  curve 
manifests  most  important  characteristic  and  diagnostic  peculiarities  in  each 
individual  form  of  fever.  These  authors  finally  arrived  at  the  conclusion 
drawn  from  the  works  of  Helmholtz,  that  the  pjrezial  rise  of  temperature  is  due  to 
an  increased  production  of  heat.  Corresponding  to  this  there  is  an  increase  of  the 
nitrogenous  metabolic  products  excreted  in  the  urine,  and  an  increase  in  the  amount  of 
carbonic  acid  given  off.  Along  with  the  increased  production  of  heat  there  is  a 
variation  in  the  amount  of  heat  given  oflf.  In  the  early  stages  of  fever,  as  a 
rule,  so  long  as  the  temperature  within  the  body  is  rising,  that  of  the  surface 
of  the  body  is  sub-normal  and  the  vessels  are  contracted.  The  skin  produces 
only  a  small  amount  of  heat,  so  that  the  warmth  of  its  surface  depends  mainly 
upon  the  amount  of  heat  brought  to  it  from  the  warmer  internal  parts  of  the 
body.  If  the  vessels  of  the  skin  contract,  the  cjuantity  of  blood  which  flows 
through  them  in  a  given  time  is  diminished ;  the  amount  of  heat  given  off  from 
the  skin  is  in  excess  of  that  brought  to  it.  The  skin  becomes  cooler,  and  less 
heat  is  now  given  off  from  it  than  before. 

The  diminution  in  the  amount  of  heat  given  off,  combined  with  the  increased 
production,  causes  the  rise  of  temperature  within  the  body.  This  rise  may  be 
slow  and  gradual,  in  which  case  the  skin  only  shows  slight  changes,  as  a  rule, 
and,  apart  from  slight  chilliness,  the  patient  perceives  no  striking  subjective 
change  in  temperature.  If  the  contraction  of  the  cutaneous  vessels  is  more 
marked,  the  sensation  of  chilliness  is  more  distinct,  or  there  may  even  be  a 
rigor.     The  patient  shivers  so  violently  with  cold  sometimes  that  the  trunk 
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and  limbs  shake  all  over,  and  the  teeth  chatter.  The  skin  is  pale  and  cold, 
and  the  goose-skin  condition  is  produced  by  the  contraction  of  the  musculi 
arrectores  pilorum.  The  patient  feels  exceedingly  cold,  while  the  temperature 
in  the  interior  of  the  body  may  be  raised  to  40°  C.  (104°  F.)  or  higher. 

As  a  rule,  in  a  pyrexia!  rigw  there  is  a  rapid  rise  of  temperature  within 
the  body.  In  collapse,  however,  after  profuse  haemorrhage  for  instance,  rigors 
also  occur,  during  which  the  temperature  within  the  body  falls. 

When  the  pyrexia  is  at  its  height  the  contraction  of  the  vessels  of  the  skin 
j'ields,  the  skin  becomes  hotter  than  normal,  but  is  dry  at  first  (fever-heat). 
In  this  condition  the  amount  of  heat  given  off  by  the  skin  is  greater  than 
normal.  Notwithstanding  this,  the  temperature  within  the  body  remains 
high,  from  which  it  may  be  concluded  that  there  is  an  increased  production  of 
heat.  The  height  of  the  temperature  varies,  however.  In  slight  pyrexia  the 
mean  is  39°  C.  (102'2°  F.),  corresponding  to  a  morning  temperature  of  38"5°  C. 
(nearly  101°  F.),  and  an  evening  temperature  of  39  "5°  C.  (about  103°  F.)  In 
severe  pyrexia  these  limits  are  exceeded ;  and  temperatures  above  42°  C. 
(107 "6°  F.)  are  called  excessive  or  Mjper-pyrexial.  The  highest  temperature 
observed  by  Wunderlich  was  44*75°  C.  in  a  case  of  tetanus,  but  even  the  height 
of  4 2 "5°  C.  is  extremely  seldom  reached. 

When  the  fever  has  existed  for  a  varying  time,  the  temperature  falls  again, 
slowly  or  rapidly.  In  the  latter  case  remarkable  phenomena  are  again  mani- 
fested by  the  skin.  It  becomes  moist,  or  there  may  even  be  considerable 
secretion  of  sweat.  The  evaporation  of  the  fluid  secreted  absorbs  a  large 
amount  of  heat  and  hastens  the  fall  of  temperature. 

The  symptoms  characteristic  of  fever  include  other  phenomena  besides  the 
rise  of  temperature.  There  are  malaise,  discomfort,  headache,  thirst,  rapid  pulse 
and  respiration,  and  decrease  of  glandular  secretion,  especially  of  the  amount 
of  urine  passed  in  the  twenty-four  hours.  There  are  also  disturbance  of 
digestion,  loss  of  weight,  etc.  The  disturbance  of  digestion  aflfects  many  parts. 
The  appetite  goes  first,  and  there  is  great  thirst.  The  secretion  of  the  salivary 
glands  then  becomes  scanty  and  inadequate,  and  the  digestive  power  of  the 
whole  alimentary  tract  becomes  similarly  disturbed.  Absorption  of  the  con- 
tents of  the  stomach  and  intestines  seems  to  be  rendered  difficult. 

If  we  seek  to  find  the  etiological  connection  between  these  phenomena  of 
fever,  we  must  first  consider  the  infections  and  those  few  intoxications  which 
cause  them.  The  pathogenic  microbes  by  their  metabolism  produce  poisonous 
substances  which  can  be  isolated,  and  which,  when  injected  into  the  blood, 
cause  fever. 

It  is  also  possible  that  many  of  the  substances  produced  by  the  metabolism 
of  the  human  body  develop  similar  actions.  There  are  also  some  poisonous 
bodies,  not  derived  from  microbes,  Avhich  give  rise  to  fever,  such  as  phosphorus, 
cocaine,  and  others.  It  may  be  supposed,  therefore,  that  in  the  natm^al  course 
of  infections  and  intoxications,  also,  the  metabolic  products  of  the  microbes  and 
other  poisons  cause  the  fever.  When  they  have  obtained  access  to  the  blood, 
they  give  rise  to  a  general  disturbance  of  metabolism,  which  is  manifested  by 
the  series  of  symptoms  described  above.  In  particular,  it  must  be  assumed 
Avith  regard  to  the  pyrexial  rise  of  temperature,  diat  the  poisons  present  in  the 
blood  exert  a  disturbing  influence  on  the  nervous  mechanism  in  the  central 
nervous  system  which  regulates  the  production  and  the  loss  of  heat.  The 
regulation  of  the  heat  given  off  by  the  skin  is,  as  already  described,  effected 
by  the  nerves  of  the  vessels.  The  loss  of  heat  through  the  breath  is  also 
controlled  by  a  mechanism  which  acts  on  the  frecpency  and  depth  of  the 


FEVER  613 

respirations.  The  regulation  of  the  production  of  heat  is  more  difficult  to 
explain.  Experiments  on  animals  and  observations  on  human  beings  who 
were  immersed  in  cold  water  prove,  however,  that  the  ■proclwtion  of  heat  alicays 
adapts  itself  within  certain  limits  to  the  loss  of  heat,  and,  therefore,  that  a  regulation 
of  the  heat  production  actually  exists  (Liebermeister). 

This  regulating  mechanism  is  so  modified  by  the  action  of  infections  and 
poisons  which  produce  fever,  that  a  gi'eater  amount  of  heat  is  produced.  The 
general  disturbance  of  metabolism  due  to  the  poisons  which  cause  pyrexia  also 
manifests  itself  as  histological  changes  in  those  organs  which  are  chiefly 
attacked  by  general  poisons,  in  those  which  are  chiefly  susceptible  to  rises  in 
the  temperature  of  the  body,  and  lastly,  in  those  which  must  be  regarded  as 
the  most  important  soiu"ce  of  the  heat  of  the  body. 

Every  organ  produces  heat  by  its  metabolism.  The  main  sources,  however, 
are  the  heart,  the  muscles,  and  the  large  abdominal  organs.  The  heart  during 
its  contraction  produces  heat  and  mechanical  Avork,  as  does  every  muscle  which 
is  performing  work.  The  heat  formed  directly  by  the  heart's  contraction  is 
partly  conducted  into  the  surrounding  parts,  and  partly  taken  up  by  the 
blood  within  the  capillaries  of  the  heart  and  carried  away.  In  addition,  the 
mechanical  work  of  the  heart  is  completely  transformed  into  heat  by  friction 
against  the  walls  of  the  vessels  and  by  internal  friction  within  the  blood-stream. 
In  man  all  the  muscles  also  generate  heat  by  their  action.  In  this  connection 
it  will  be  remembered  that  the  muscles  of  respiration,  as  well  as  the  heart, 
carry  on  their  work  unceasingly.  Lastly,  the  heat  produced  by  the  liver  is  by 
no  means  inconsiderable. 

The  increased  production  of  heat  during  fever,  however,  occurs  at  the  same 
time  as  the  disturbance  of  the  assimilation,  digestion,  and  absorption  of  food. 
This  causes  a  disturbance  of  metabolism  which  is  manifested  not  only  by  the 
occurrence  of  abnormal  products  of  metabolism,  but  also  by  a  breaking  doAvn  of 
the  "  organic  "  albumen.  Those  organs  which  produce  an  abnormal  amount  of 
heat  in  spite  of  the  insufficient  supply  of  nutriment  are  mainly  aftected  by  this 
disintegration.  Histologically  the  phenomena  of  albuminous  and  fatty  degener- 
ation in  the  heart,  the  kidnej^s,  and  the  liver  are  specially  noticeable.  Other 
organs  are  also  aff"ected,  some  of  them  in  a  manner  which  shows  that  the 
disturbance  is  really  general.  Among  these  we  may  mention  the  disturbance 
of  the  cerebral  functions,  such  as  confusion,  headache,  and  the  post-febrile 
mental  derangements.  Falling  out  of  the  hair  and  abnormalities  in  the 
growth  of  the  nails  of  the  fingers  and  toes  also  usually  appear,  though,  it  is 
true,  some  little  time  after  the  pyrexia  has  run  its  course.  The  degenerations 
of  the  tissues  which  form  parenchyma,  such  as  the  heart,  the  liver,  the 
kidneys,  etc.,  are  also  partly  due  to  the  disturbances  produced  by  the  high 
temperature,  and  are  partly  the  direct  action  of  the  poisons  circulating  in  the 
blood  which  have  caused  the  fever.  It  cannot  be  surprising,  therefore,  that 
similar  degenerations  occur  as  a  result  of  the  simple  action  of  the  poison  in 
non-febrile  acute  diseases,  in  cholera  for  instance,  and  in  poisoning  with  various 
inorganic  find  organic  chemical  substances. 

The  distinction  between  febrile  and  non-febrile  general  diseases  is  of  great 
practical  importance  in  medicine. 

There  are  some  authors,  however,  who  strongly  object  to  this  conception  of 
fever.  In  my  opinion,  the  demonstration  of  the  series  of  symptoms  which  we 
call  fever  allows  us  to  conclude  that  fever  is  a  general  disease,  a  fact  which  is 
of  great  importance.  Cholera,  however,  is  an  example  of  a  disease  which  runs 
or  may  run  its  course  without  any  "fever,"  that  is,  without  a  rise  of  tempera- 
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ture,  and  still  in  all  other  respects  exactly  agrees  Avith  the  febrile  infections. 
The  degenerative  processes  in  the  parenchyma  cells,  especially,  are  present. 
The  albuminous  and  fatty  degenerations  of  the  heart-muscle  and  liver  may 
even  be  very  distinctly  marked.  The  non-febrile  intoxications  with  chemical 
poisons  are  similar  in  their  course.  It  has  thus  been  shown,  however,  that  the 
intimate  connection  of  the  various  symptoms  of  fever  has  been  broken  up. 
Experience  shows  that  fever  cannot  be  defined  as  a  series  of  symptoms,  but  as 
((  general  disturbance  of  metabolism  due  to  infection  or  intoxication  which  causes  a  rise 
of  the  temperature  uitMn  the  body.  This  definition  would  obviate  confusion  with 
those  rises  of  temperature  which  are  due  to  active  muscular  exercise, 
although  these  are  also  accomj)anied  by  increased  frecpiency  of  pulse  and 
respiration  and  increase  of  metabolism.  It  would  also  exclude  the  rise  of 
temperature  due  to  a  heightened  temperature  in  the  surrounding  media, 
which,  under  certain  circumstances,  may  give  rise  to  degenerative  processes  in 
the  parenchyma  tissues.  It  will  have  to  be  borne  in  mind  during  future 
investigations  that  many,  infective  and  toxic  general  diseases  which  run  their 
course  without  rise  of  temperature  are  the  res^^dt  of  disturbances  of  metabolism 
similar  to  the  processes  in  pyrexia. 

Chronic  general  diseases  are  distinguished,  like  all  chronic  diseases,  by  their 
long  duration,  extending  sometimes  over  many  years.  They  may  originate  in 
acute  diseases  or  be  chronic  from  the  first.  As  a  rule,  they  run  their  couj-se 
Avithout  rise  of  temperature.  Not  infrequently,  however,  pyrexial  periods 
alternate  Avith  apyrexial  periods,  in  Avhich  case  thei-e  are  either  acute  exacer- 
bations of  the  chronic  disease  or  intercurrent  acute  complications.  Some  of 
these  chronic  general  diseases,  many  chronic  infections  and  intoxications  for 
instance,  have  had  their  causation  more  or  less  clearly  explained,  so  that  the 
histological  and  clinical  changes  they  produce  are  explicable.  Others,  such  as 
the  constitutional  diseases,  chlorosis,  leukaemia,  rachitis,  osteomalacia,  obesity, 
gout  and  diabetes,  are  peculiar,  in  that  they  represent  disturbances  of  meta- 
bolism Avhose  etiology  is  unknoAvn.  The  pathological  conditions  to  Avdiich  all 
these  chronic  general  diseases  give  rise  are  too  numerous  to  be  described  here. 
Tavo  of  the  characteristic  appearances  only  Avhich  are  A'ery  common,  marasmus 
and  cachexia,  must  be  briefly  mentioned.  These  conditions  certainly  have  not 
been  clearly  distinguished,  as  a  rule,  in  recent  times.  It  seems  desirable, 
hoAvever,  to  explain  the  idea  Avhich  AA'ill  be  associated  Avith  these  expressions  in 
this  text-book.  As  a  physiological  example  of  marasmus  Ave  may  take  senile 
marasmus.  This  is  pathological  Avhen  it  appears  early  in  life.  It  is  distin- 
guished by  a  general  loss  of  weight  Avhich  corresponds  to  a  loss  of  Aveight  and 
volume  in  each  organ.  The  diminution  of  weight  and  volume  in  the  body 
does  not  affect  all  the  structural  elements  equally,  hoAvcAxr.  It  is  those  elements 
of  the  tissue  ichich  carry  on  the  special  function  tchich  atrophy  to  the  greatest  extent. 
In  marasmic  atrophy  of  the  liver,  for  instance,  the  liver  cells  are  observed  to 
undergo  the  greatest  amount  of  atrophy,  Avhile  the  connective  tissue  and  blood- 
vessels are  comparatively  little  aftected.  In  the  kidney  it  is  the  secreting 
epithelial  cells,  in  the  heart  the  muscle  fibres,  in  the  spleen  the  pulp  cells,  in 
the  subcutaneous  tissue  the  fat  cells  that  chiefly  atrophy.  This  selection  of 
the  tissue  elements  Avhich  carry  on  the  function  is  not  universal  in  marasmic 
atrophy.  In  the  lungs  not  only  does  the  stroma  of  connective  tissue  and 
elastic  fibres  atrophy,  but  also  the  blood-vessels  and  epithelial  lining  of  the 
alveoli.  In  the  bones  the  lamellte  disappear.  The  skin  becomes  thinner  and 
loses  its  tension,  while  the  epidermis  becomes  dry  and  cracked  and  separates 
in  fine  scales.      The   brain   diminishes   also,   and   the   space  formed   is   filled 
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partly  by  concentric  atrophy  of  the  skull  or  by  accumulation  of  fluid  in  the 
pia-arachnoid.  The  appearance  of  simple  atrophy  without  degenerative 
processes  in  the  organs  is  characteristic  of  pure  marasmus,  as  it  occurs  early 
and  well-marked  in  chroiiic  mental  derangements. 

Cachexia,  on  the  other  hand,  is  characteristic  of  chronic  degenerations  of 
the  organs.  In  this  condition  there  is  albuminous  and  fatty  degeneration 
of  the  liver,  kidneys,  heart-muscle,  etc.,  sometimes  associated  with  the  occur- 
rence of  widespread  amyloid  degeneration.  The  fatty  tissue  disappears ;  the 
epidermis  is  not  dry  and  desquamating  as  in  marasmic  conditions,  however, 
but  is  smooth  and  moist.  The  skin  appears  pale  and  anaemic,  provided  there 
is  no  venous  congestion  present  Avhich  might  give  rise  to  cyanosis.  Oligo- 
cythsemia  rubra  and  leucocytosis  are  frequently  present  at  the  same  time.  The 
composition  of  the  blood  is  altered  therefore,  and,  as  in  many  pyrexia! 
infections,  the  altered  character  of  the  blood  may  cause  abnormal  permeability 
of  the  capillary  walls,  which  may  produce  extensive  oedemas  or  multiple 
capillary  hsemorrhages.  As  a  rule,  too,  the  weight  of .  the  organs  and  of  the 
whole  body  is  diminished  in  cachectic  conditions.  From  these  facts  we  learn 
that  cachexia  is  also  a  general  disturbance  of  metabolism,  which,  apart  from 
its  chronic  course  and  the  aljsence  of  heightened  temperature,  shows  many 
features  resembling  those  of  pyrexial  disturbances  of  metabolism.  Advanced 
age  protects  just  as  little  from  cachexia  as  from  fever,  and  senile  marasmus, 
like  pathological  premature  marasmus,  is  often  combined  with  cachexia. 
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EXPLANATIOX  OF  THE  PLATES 


Plate  I 

Fig.  a.  Capillaries  in  the  newly  exposed  mesentery  of  the  liviiig  dog.  x  340.  The  blood-stream 
is  divided  into  a  red  axial  stream  suiToimded  by  a  colourless  marginal  stream  con- 
taining no  cells.  The  red  axial  stream  is  h  >mogeneons  and  transparent,  since  the 
separate  corpuscles  cannot  be  distinguished  because  of  the  rapidity  with  which  the 
stream  is  flowing.  The  slight  vibration  in  the  margins  of  the  red  axial  stream  and 
the  occasional  variation  in  the  intensity  of  the  red  colour  cannot  be  represented  in 
the  illustration.  Both  these  phenomena  may  be  explained  by  the  variations  in  the 
amount  of  cells  contained  in  the  blood. 

Fig.  b.  Blood-strcain  in  a  small  vein  of  the  Tnesentcry  of  a  living  dog  about  half  an  hour  after 
the  ahdominal  cavity  was  opened^.  Tlie  mesentery  has  been  irrigated  with  a  f  ^^er  cent 
salt  solution,  x  340.  The  blood  has  again  become  so  slowed  after  the  preliminary 
acceleration  that  the  individual  red  corpuscles  can  be  made  out.  At  the  same  time, 
the  white  corjiuscles  collect  in  the  marginal  stream  and  emigrate,  and  at  one  point 
some  red  corpuscles  have  passed  through  the  vessel  wall  into  the  tissues. 

Fig.  c.  Circulatory  reaction  after  injury  in  the  tongioe  of  a  living  frog.  Hie  tongue  has  been 
stretched,  on  the  slide  but  is  othericise  iminjured.  A  small  vein,  x  300.  The  red  axial 
stream  is  slowed  so  that  the  individual  red  corpuscles  can  be  distinguished.  In  the 
marginal  stream  there  is  a  dense  array  of  white  cells  which  are  beginning  to 
emigrate.     Drawn  fifteen  minutes  after  the  tongue  had  been  stretched  out. 

Fig.  d.  The  samepart  as  Fig.  c,  three  hours  later.  The  red  axial  stream  is  again  very  rapid,  so 
that  the  individual  corpuscles  can  hardly  be  made  out.  The  marginal  arrangement 
of  the  leucocytes  has  accordingly  disappeared,  while  many  white  and  red  cells  are 
still  seen  making  their  way  through  the  vessel  wall,     x  300. 

Plate  II 

Fig.  a.  Staphylococcus  'pyogenes  aureus,  and  pus  cells  from  a  furuncle.  By  Koch's  method  of 
plate  culture  it  was  proved  that  when  the  furuncle  was  opened  the  pus  contained 
only  this  one  form  of  micro-organism,     x  900. 

Fig.  b.  Streptococcus  pyogenes  (pure  culture).  From  the  purulent  contents  of  the  left  knee-joint 
after  primary  suppuration  of  the  middle  ear  and  thrombosis  of  the  sinuses,     x  1500. 

Fig.  c.  Diplococcus  gonorrhcecc.  From  purulent  secretion  from  the  urethra  in  a  case  of  virulent 
gonorrhoia.  Two  pus  cells  containing  diplococci  and  free  diplococci.  Stained  with 
fuchsin.     X  2400. 

Fig.  d.  Diplococcus  pne^imonice.  From  the  exudation  into  the  alveoli  in  croupous  pneumonia. 
Stained  with  aniline-water,  gentian-violet,     x  2000. 

Fig.  e.  Pneumobacillus  Friedldnderi.  From  the  sputum  in  croupous  pneumonia.  Stained  with 
aniline-water,  gentian-violet,     x  2000. 
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Plate  III 

Fig.  a.  Bacilhts  emphyscmatis  maligni.  From  the  capillaries  of  the  human  liver.  Stained  with 
methylene-blue.     x  1000. 

Fig.  b.  Section  through  the  centre  of  an  anthrax  2JUstule  in  human  skin.  Stained  with 
methylene-blue.  In  the  rete  Malpighi  there  is  a  small  pustule  filled  with  clear  fluid. 
Immediately  below  is  the  necrosed  papillary  layer  of  the  skin,  showing  numerous 
congested  capillaries.  Deeper  still  is  the  corium  densely  infiltrated  with  cells 
which  have  been  stained  blue,  studded  with  haimorrhages,  and  showing  sections  of 
some  large  congested  vessels,     x  20. 

Fig.  c.  Tubercle  bacilli.  From  a  cavity  in  the  lung.  Stained  with  carbolic  fuchsin,  decolorised 
with  sulphuric  acid,  and  counter -stained  with  methylene-blue.  The  bacilli  are 
red,  the  nucleus  of  the  cells  blue,     x  1500. 

Fig.  d.  Bacillus  lepra;,  partly  free,  partly  enclosed  in  lepra  cells.  Stained  with  carbolic  fuchsin 
decolorised  with  sulphuric  acid,  and  counter-stained  with  methylene-blue.  From 
a  leprous  area  in  the  spleen,     x  1800. 

Plate  IV 

Fig.  a.  Spirillum  Cholera;  Asiaticce.  From  a  preparation  given  to  the  author  by  Professor  Koch. 
X  2000. 

Fig.  b.  Spirochceta;  Obcrmeicri,  stained  with  methyl-violet.  Three  red  blood  corpuscles 
shown  in  addition,     x  1200. 

Fig.  c.  Actinomyces,  very  small,  stellate  growths  in  the. neighbourhood  of  a  large  colony. 
Stained  by  Gram's  method  in  aniline  gentian-violet,     x  1000. 

Fig.  d.  Single  thi-eads  from  a  large  colony  of  actinomyces.     Same  stain,     x  1600. 

Fig.  e.  Colony  of  actinomyces.     Same  stain,    x  1000. 

Fig.  /.  Red  corpuscles  containing  Plasmodium  inalarim.  Nos.  2-10  drawn  from  a  preparation 
by  Romanowsky.  Nos.  1  and  11-14  copied  from  drawings  by  Romanowsky. 
Stained  with  methylene-blue  and  eosin.     x  1500. 
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Abrachius,  221 
Abrin,  44 
Abscess,  340 

metastatic,  311 
Acantbocephali,  165 
Acardiacus  acephalus,  186 

acormus,  185 

amorphus,  185 

anceps,  186 

epignathus,  186 
Acarus  folliculorum,  166 

scabiei,  166 
Achorion  Scbonleini,  124 
Acids,  action  of,  39 
Acrania,  211 
Acromegaly,  199 
Actinomyces,  119 
Addison's  disease,  439 
Adeno-carcinoma,  597 
Adeno-cystoma,  572 
Adeno-sarcoma,  6 
Adenoma,  566 

umbilicale,  203 
Adiposity,  423 
^robic  scliizomycetes,  64 
Agnathia,  201 

Albuminous  degeneration,  409 
Alkalies,  action  of,  40 
Alkaloids,  cadaveric,  49 
Alveolar  sarcoma,  584,  587,  608 
Amelus,  221 
Ammonia,  action  of,  40 
Amceba  coli,  130 
Amphistoma,  156 
Amputation  neuroma,  563 
Amyloid  bodies,  397 
Anffimia,  cerebral,  239 

general,  257 

local,  296 

pernicious,  259 
Anaerobic  schizomycetes,  64 
Anasarca,  352 
Anencepbalia,  211 
Angioma,  552 
Angio-sarcoma,  584 
Angio-sclerosis,  247 
Anguillula,  159 
Anhydrsemia,  250 
Anthracosis,  441 
Anthrax,  86 

symptomatic,  85 
Aplasia,  441 
Apparent  death,  370 
Apus,  221 
Arachnoidea,  165. 
Argyria,  442 
Arhinencephalus,  218 


Arsenic,  poisoning  by,  44 
Arseniuretted  hydrogen,  action  of,  41 
Arterial  branching,  equal,  273 

homonomous,  276 

heteronomous,  276 
Arterioliths,  404 
Arteriosclerosis,  247. 
Arthrospores,  61 
Ascaris  lumbricoides,  156 

mystax,  157 
Ascites,  352 

chylous,  366 
Ascococcus,  58 
Aspergillus,  126 
Atheroma,  398 
Atresia  ani,  206 
Atrophy,  444 

Atropine  sulphate,  action  of,  39 
Attenuation  of  virus,  55 
Auricular  appendages,  202 
Axial  stream,  272 

Bacillus,  58 

anthracis,  86 

carbunculi  symptomatici,  85 

diphtheria;,  92 

emphysematis  maligni,  84 

Friedianderi,  93 

leprte,  107 

mallei,  90 

cedematis  maligni,  84 

of  typhoid,  91 

rhinoscleromatis,  112 

subtilis,  72,  89 

tetani,  85 

tuberculosis,  91 

xerosis,  113 
Bacteria,  58 
Balantidium  coli,  139 
Barium,  poisoning  by,  44 
Bed-sores,  242 
Bilharzia  hfematobia,  155 
Black-leg,  85 

Bladder,  papilloma  of,  204,  564 
Blastomycetes,  121 
Bleeders,  169 
Blood,  formation  of,  468 

cells,  red,  origin  of,  467 
white,  255 

coagulation  of,  278 

composition  of,  253 

in  haemorrhage,  362 

pigment,  432 

platelets,  255 

enumeration  of,  256 

pressure,  228 

vessels,  new  formation  of,  471 
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Bone,  new  formation  of,  497 

absorption,  498 
Borax,  poisoning  by,  43 
Bothriocephalus  latus,  149 

cordatus,  150 
Brain  sand,  404 

white  softening  of,  309 
Branchial  cysts,  202 

fistula,  201 
Brood  capsules,  145 

Cachexia,  615 
Cadaverin,  75 
Calcareous  metastasis,  400 
Calcification,  899 
Calculi,  biliary,  404 

vesical,  406 
Callus,  498 
Cancer,  592 
Cancroid,  608 
Cantharides,  action  of,  40 
Capillaries,  development  of,  263 

new  formation  of,  471 
Carbolic  acid,  action  of,  41 
Carbonic  bi-sulphide,  poisoning  by,  43 

oxide,  poisoning  by,  43 

oxysulphide,  43 
Carcinoma,  592 

coccidia  in,  135 

cylindrical-celled,  605 

gelatinous,  603 

medullary,  602 

papillary,  602 

scirrhous,  602 
Caro  luxurians,  491 
Cartilage,  metaplasia  of,  497 

new  formation  of,  495 
Caseation,  380 
Catarrh,  356 

desquamative,  357 

mucous,  357 

putrid,  357 
Cell-budding,  451 
Cells  containing  blood  corpuscles,  435 

division  of,  451 

epithelioid,  98,  480 

fatty  granular,  424 

giant,  98 
Cercaria,  152 

Cercomonas  intestinalis,  138 
Cerebral  anfemia,  239,  299 
Cestoda,  139 
Chancre,  102 
Chemotaxis,  336 
Chionyphe  Carteri,  125 
Chloroform,  action  of,  41 
Cholera,  113 

red,  715 
Cholesteatoma,  578 
Cholesterin,  398 
Chondroma,  544 
Chondro-sarcoma,  582 
Chylous  hvdrothorax,  366 
Chyluria,  163 
Cicatrix,  490 
Cladothrix,  59 
Cleft-palate,  201 
Club-foot,  223 
Club-hand,  223 


Cloudy  swelling,  409 
Coccidia  of  carcinoma,  135 
Coccidium  mollusci,  133 

oviforme,  131 

perforans,  133 
Collateral  circulation,  303 
Colour  blindness,  172 
Concretions,  404 
Condyloma  latum,  105 

acuminatum,  564 
Congestion,  arterial,  319 

general,  242 

local,  312 
Congestive  cedema,  346 
Connective  tissue,  new  formation  of,  47£ 
Corpora  amylacea,  397 
Craniopagus,  186 
Craniorachischisis,  207 
Cranioschisis,  211 
Croton  oil,  action  of,  40 
Croupi,  358 
Cyclamin,  41,  43,  54 
Cyclencephalus,  218 
Cyclopia,  218 

Cyclops,  host  of  guinea-woiTn,  144 
Cylindroma,  590 
Cyst,  formation  of,  515 
Cysticercus  cellulosse,  141 

racemosus,  142 
Cystoma,  570 
Cysto-carcinonia,  598 
Cysts,  dermoid,  576 

sebaceous,  577 

Daltonism,  172 

Daughter  cysts,  145 

Death,  369 

Decubitus,  242 

Degeneration,  albuminous,  409 

am3doid  or  waxy,  392 

atheromatous,  398 

calcareous,  399 

colloid,  387 

fatty,  409 

lardaceous,  393 

mucoid,  391 

of  nerves,  504 

simple  hyaline,  384 

wax-like  or  vitreous,  388 
Demarcation,  line  of,  493 
Demodex  folliculorum,  166 
Dermoid  tumours,  576 
Desquamative  catarrh,  357 
Deviations,  individual,  4 
Diabetes  insipidus,  171 
Diapedesis,  25,  324 
Dicephalus,  191 

Dift'usion  through  vessel  wall,  263 
Diphtheria,  359 
Diplococcus,  58 

gonorrhcese,  81 

pneumonite,  81 
Diprosopus,  191 
Dipygus,  192 
Distoma  conjunctum,  153 

hiematobium,  155 

hepaticum,  150 

heterophyes,  153 

lanceolatum,  153 
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Distoma  ophthalmobium,  154 

pulmonale,  154 

rathouisi,  152 

spathulatum,  153 
Diverticulum,  Meckeli,  203 
Dog-tick,  168 
Double  monsters,  176 
Duplicitas  axialis,  177 
Dust,  inhalation  of,  441 
Dwarf  growth,  198 

Ear,  mould-fungi  in,  126 
Ecchondrosis,  544 
Ecchymoses,  324,  362 
Echiuococcus,  taenia,  144 

cysts,  144 

granulosus,  144 

hydatidosus,  145 

multilocularis,  146 

scolicipariens,  144 
Echinorhynchus,  165 
Ectopia  cordis,  202 

vesicse,  204 
Egyptian  chlorosis,  158 
Elephantiasis,  538 
Embolism,  291 

crossed,  293 

of  superior  mesenteric  artery,  309 

retrograde,  293,  316 
Emigration  of  leucocytes,  21,  24,  328 
Encejihalocele,  215 
Encephalomeningocele,  215 
Euchondroma,  545 
End  arteries,  305 
Endothelioma,  588 
Enzymes,  8,  75 
Epignathus,  189 
Epispadias,  205 
Epithelial  tumours,  592 
Epithelioid  cells,  98,  480 
Epithelioma,  squamous,  598 
Equivalent  ramification,  277 
Erysipelas,  micrococci  in,  76 

Facial  clefts,  200 
Facies  hippocratica,  241 
False  membrane,  358 
Farcy,  90 
Fat  enibolus,  294 

new  formation  of,  494 
Fatty  degeneration,  401 

granular  cells,  424 

infiltration,  418 
Ferments,  7,  49 

Fermentation,  theories  of,  48,  49 
Fever,  610 
Fibrin,  278 
Fibroblasts,  480 
Fibroma,  533 
Fibro-sarcoma,  582 
Filaria  Bancrofti,  162 

loa,  165 

medinensis,  163 
Filtration  through  the  vessel  wall,  262 
Fission-fungi,  58 
Fissura  abdominis,  204 

sterni,  202 
Fleshy  mole,  196 
Foetal  circulation,  closing  of,  800 


Fcetus  papyraceus,  184 
sanguinolentus,  184 
Fragmentation  of  nucleus,  455 
Functional  hypertrophy,  448 
Fungi,  classification  of,  58,  121 

Gall-stones,  404 

Gangrene,  372 

Gas  gangi'ene,  84 

Giant  cells  in  granulations,  480 

in  tubercle,  98 
Giant  growth,  198 
Glanders,  90 
Glioma,  549 
Glycogen,  426 
Gonococcus,  81 
Gonorrhoeae,  81 
Gout,  402 

Granulation  tissue,  485 
Growth,  arrest  or  limitation  of,  461 
Guinea-worm,  165 
Gumma,  105 

HEMANGIOMA,  552 

Haematoblasts,  470 

Haematogenous  pigmentation,  316 

Haematoidin,  432 

Haematoma,  362 

Haeraaturia  due  to  Bilharzia,  155 

filaria,  163 
Haeniocytometer,  253 
Hemodynamic  pressure,  230 
Haemoglobinuria,  346 
Hiemorrhagic  infarct,  310 

mole,  196 
Haemosiderin,  432 
Haemostatic  pressure,  228 
Hay  bacillus,  72,  89 
Healing  of  wounds,  483 
Heart,  insufiiciency  of,  236 
Helvellaic  acid,  action  of,  41 
Hemicephalia,  211 
Hemicrania,  321 
Heredity,  9,  169 
Hermaphrodism,  206 
Hernia  cerebri,  216 

umbilical,  203 
Histo-mechanism,  265 
Hyaline  degeneration,  383 

tube-casts,  386 
Hydatid  cysts,  145 

mole,  195 
Hydraemia,  249 
Hydramnios,  182 
Hydrocephalus,  216 
Hydromicrencephalus,  219 
Hydromyelocele,  211 
Hydropericardium,  352 
Hydrothorax,  352,  366 
Hypalbuminosis,  250 
Hypersmia,  arterial,  319 

general,  242 

local,  319 

venous,  242 
Hyperalbuminosis,  250 
Hyperiuosis,  250 
Hyperplasia,  448 
Hypertrophy,  448 
Hyphomycetes,  121 
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Hypinosis,  250 
Hypoplasia,  444 
Hypospadias,  206 
Hypostasis,  237 

ICTEKUS  neonatorum,  430 

obstiuctive,  41,  430 

toxic,  429 
Imnmnity,  9,  51 
Inclusions,  fVetal,  190 
Intai-ct,  lutniorrliagic,  310 

of  kidney,  308 

of  spleen,  307 

pale,  310 

uric  acid,  403 
Infection,  7,  47 
Infiltration,  calcareous,  418 

tatty,  418 

glycogen,  426 
Infusoria,  138 
Injecting  apparatus,  348 
Injury,  7,  16 
Insecta,  165 
Intentio  prima,  483 

secunda,  483 
Intoxication,  7,  36 
Inversio  vesica?,  204 
Isclifemia,  296 
Ischiopagus,  186 
Itch  mite,  166 
Ixodes  ricinus,  168 

Janus,  Janiceps,  192 

Jaundice,  sec  Icterus 

Kakyokixesis,  452 

Keloid,  540 

Kidney,  adeno-eystoma  of,  575 

Lardaceous  degeneration,  392 
Lead-poisoning.  44 
Leiomyoma,  559 
Leprosy,  107 
Leptothrix,  59 
Leptothrix  huccalis,  118 
Leptus  autumnalis,  167 
Leucoc3-tes,  455 

emigration  of,  328 

marginal  arrangement  of,  21.  330 
Leucocytosis,  259 
Leukremia,  259 
Ligature  of  vessels,  289 
Lip,  fissure  of,  201 
Lipoma,  541 
Lipomatosis,  418 
Lithop:¥dion,  402 
Lues.  101 
Lupus.  99 

Lymphangioma,  557 
Lymph  fistula,  366 
Lyniphorrhagia,  366 
Lympho-sarcoma,  585 

:Macrocytes,  259 
Madura  disease,  125 
Malaria,  136 
JIalformations,  174 
Malleus,  90 


Marasmus,  614 

Marginal  arrangement  of  leucocytes,  21,  330 

stream  in  vessels,  272 
Maxilla,  inferior  cleft  of,  201 
Mechanotropia,  336 
Melanamiia,  51,  437 
Melanin.  137 
Melauo-fibroma,  540 
Melanotic  sarcoma,  440 
Melanuria,  440,  590 
Meningocele,  210,  216 
Merismopcedia,  58 
Metaplasia,  456 
iletastasis  in  cancer,  529 
Metha?moglobiuuria,  51,  346 
Micrencephalus,  219 
Jlicrococcus,  58 
Microcytes,  259 
ilicrosomia,  199 
Microsporon  furfur,  124 
Mixed  infection,  55 
Mole,  fleshy,  196 

lu-'morrhagic,  196 

hydatid,  196 
Moles,  195 

Molluscum  fibrosum,  538 
Monobrachius,  221 
ilonopus,  221 
ilouostoma  lentis,  156 
Monsters,  double,  176 

single,  104 
Mosquitoes,  host  of  filaria,  163 
]Moukl  fungi,  121 
Mucoid  degeneration,  391 

tissue,  new  formation  of,  495 
metaplasia  of,  495 
Multiplication  of  cells,  450 
Mummification,  372 
ISIuscarin,  action  of,  43 
Muscle,  new  formation  of,  501 
Myelocystocele,  211 
Myelomeningocele,  209 
Myoma,  559 
Mj'o-sarcoma,  585 
Myxoma,  542 

chorii  racemosum,  196 
Myxo-sarcoma,  582 

N^vus,  539 

Nanosomia,  199 

Naphthalin,  54 

Necrosis,  369 

Nematoda,  156 

Neoplasia,  450 

Nerves,  new  formation  of,  504 

regeneration  of,  506 
Neuro-fibroma,  536 
Neuroma,  562.  563 
New  formation,  autonomous,  522 

of  blood,  467 

of  blood-vessels,  471 

of  bone,  407 

of  cartilage,  478 

of  connective  tissue,  478 

of  ejiitlielium,  464 

of  fatty  tissue,  494 

of  mucoid  tissue,  495 

of  muscle,  501 

of  nervous  tissue,  504 
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Nitrites,  poisoning  by,  44 
Kormal,  4 
Notencephalus,  216 
Nucleus,  direct  division,  451 

fragmentation,  454 

indirect  division,  462 

segmentation,  453 

Obesity,  423 
Ochronosis,  437 
(Edema,  346 

malignant,  bacillus  of,  84 
Oidium  albicans,  122 
Oligemia,  249 
Oligocythanuia,  249 
Organisation  of  thrombus,  2SS,  479 
Organoid  tumour,  533 
Osteoid  tumour,  549 

sarcoma,  582 
Osteoma,  547 
Osteo-sarcoma,  582 
Ovary,  glandular  proliferous  cyst  of,  573 

papillary  proliferous  cyst  of,  573 
Oxyuris  vermicularis,  157 

Pachyacria,  199 
Papilloma,  564 
Paramecium  coli,  173 
Paraphenylendiarain,  43 
Parasites,  47 
Parasitism,  121 
Pearly  tumour,  578 
Pediculi,  168 
Pentastoma,  165 
Perithelial  sarcoma,  584 
Perobrachius,  221 
Perodactylus,  221 
Peromelus,  221 
Peropus,  221 
Petechise,  324,  362 
Petrification,  399 
Phagocytosis,  55 
Pliaryngeal  polypi,  202 
Phleboliths,  289,  404 
Phlebosclerosis,  247 
Phocomelus,  221 
Phosphorus,  43,  45 
Pigmentary  atrophy,  444 
Pigmentation,  428 

autochthonous,  428,  438 

hitmatogenous,  432 

imported,  433 
Pityriasis  versicolor,  124 
Placental  polypi,  196 
Plasmodium  malarife,  136 
Plethora,  250 

Pneumobacillus  Friedlanderi,  93 
Poikilocytosis,  259 
Poly;emia,  250 
Polycythfemia,  250 
Poly  dactyl  us,  220 
Polyuria,  171 

Portal  vein,  occlusion  of,  318 
Potassium  iodide,  poisoning  by,  43 
Predisposition,  14 
Proglottis,  140 
Prostate,  concretions  of,  397 

myoma  of,  561 
Protozoa,  129 


Psammo-fibroma,  540 
Psammoma,  404 

Pseudo-hypertrophy  of  muscles,  424 
Pseudo-melauosis,  437 
Psorosperms,  130 
Pulex  irritans,  168 
Pure  cultures,  69 
Purulent  catarrh,  357 
Pus,  74 

-forming  organisms,  75 
Putrefaction,  62 
Putrid  catarrh,  357 

poison,  49 
Pyemia,  78 
Pygopagus,  191 
Pyogenic  membrane,  342 

QuiLLAiAC  acid,  action  of,  41,  43 

Rachischisis,  207 
Rag-pickers'  disease,  89 
Ray  fundus,  119 
Rediai,  151 
Regeneration,  32,  457 

of  the  blood,  467 
Relapsing  fever,  117 
Retinitis  i)igmentosa,  172 
Reverdin's  skin-grafting,  460 
Rhabdomyoma,  559 
Rhabdomyosarcoma,  559 
Rhabdonema  stroiigyloides,  159 
Rhizopoda,  130 
Riein,  44 

Robinia  pseudacacia,  43 
Rodent  ulcer,  600 
Round-celled  carcinoma,  601 

sarcoma,  586,  587 
Round  worm,  156 

Saccharomyces  cerevisiffi,  122 
Sacral  teratoma,  189 
Sapotoxin,  43 
Sarcina  ventriculi,  83 

urcffi,  84 
Sarcoma,  580 

flat-celled,  588 

giant-cellod,  590 

melanotic,  589 

round-celled,  586 

spindle-celled,  586 
Sarcoptes  scabici,  166 
Schizomycetes,  58 

culture  of,  69 

demonstration  of,  65 
Schweninger's  skin-grafting,  459 
Scirrhus,  603 
Scolex,  140 
Seat  worm,  157 
Segmentation  of  nucleus,  453 
Se2)sin,  sulphate  of,  49 
Septicajmia,  78 
Serous  catarrh,  357 

exudation,  355 
Siamese  twins,  186 
Siderosis,  442 
Single  monsters,  194 
Siren  formation,  221 
Situs  inversus,  200 
Skin-grafting,  459 
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Snake  poison,  42 

Sodium  chloride,  action  of,  39 

Softening  of  brain,  309 

white,  310 
Spallanzani's  law,  48 
Spina  bifida,  209 
Spirillum,  59 

cholera,  113 
Spiro-bacterium,  59 
Spirochsete  Obernieieri,  117 
Spore  formation,  61 
Sporocysts,  131 
Sporozoa,  131 

Squamous-celled  cancer,  598 
Staphylococcus,  58 

pyogenes,  75 
Stasis,  322 
Sternopagus,  186 
Streptococcus,  58 

erysipelatis,  76 

pyogenes,  75 
Strobila,  139 

Sti'ongylus  longevaginatus,  159 
Suctorial  worms,  150 
Sulphuretted  hydrogen,  poisoning  by,  43 
Sulphuric  acid,  action  of,  39 
Suppuration,  339 
Symbiosis,  121 
Symelia,  221 
Symptomatic  anthrax,  85 
Sympus,  221 
Synophthalmia,  218 
Synotia,  201 

Syphilis,  101  ; 

Sy2)hiloma,  105 
Syringomyelocele,  211 

T^NIA  acanthotrias,  144 

cucumerina,  148 

eclainococcus,  144 

flavo-punctata,  148 

Madagascariensis,  148 

mediocanellata  sixc  saginata,  143 

nana,  147 

saginata,  143 

solium,  139 
Talipes,  223 
Talijjomanus,  223 
Teleangiectasis,  552 
Tension  of  vessel  walls,  231 
Teratoma,  188,  189,  577 
Thoracopagus,  186 
Thread-worms,  156 
Thrombosis,  278 
Thrombus,  calcification  of,  289 

connective  tissue,  substitution  of,  205 

granular  hyaline  change  in,  289 

puriform  softening  of,  290 
Tlu-ush,  122 
Tinea  favosa,  124 
Tox-albumen,  62 


Toxic  enzyme,  62 
Tracheal  fistula,  202 
Transplantation  of  tissue,  459 
Transpositio  viscerum,  200 
Transudation,  263,  344 
Trauma,  7,  16 
Trematoda,  150 
Trichina  spiralis,  161 
Trichocephalus  dispar,  160 
Trichomonas  intestinalis,  139 
Tricophj'ton  tonsurans,  125 
Triplets,  194 
Triplicitas  axialis,  194 
Tubercle  miliarj%  97 
Tubercula  dolorosa,  561,  563 
Tuberculosis,  94 
Tumours,  522 

cellular,  580 

classification,  531 

etiology,  523 

external  appearances,  527 

malignancy  of,  526 

metastases  of,  528 

organoid,  533 
Twins,  177 
Typhoid  bacillus,  91 

Ulcer,  17 

of  chondroma,  547 
Urachus,  cysts  of,  203 

patens,  203 

Variations,  individual,  3 
Vascular  internode,  272 

tonus,  232 
Venous  congestion,  local,  312 
Vermes,  139 
Vesical  calculi,  406 
Vibrio,  59 

Viscera,  transposition  of,  200 
Viti-eous  degeneration,  388 
Vivianite,  437 

Warts,  539 

Wax-like  degeneration  of  muscle,  388 

Waxy  degeneration,  392 

Whip-worm,  160 

Wool-sorters'  disease,  89 

Work  done  by  heart,  234 

Wounds,  healing  of,  483 

Xanthelasma,  419,  441,  540 
Xanthin  calculus,  408 
Xiphopagus,  186 

Yeast-fungi,  121 
Yeasts,  122 

Zenker's  degeneration  of  muscle,  389 
Zooglcea,  58,  59 
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Translated  with  the  special  authority  of  the  Author  from  the  second 
revised  and  enlarged  German  edition  by  Harold  J.  Stiles,  M.B., 
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"This  is  a  very  handsome  volume,  well  printed  on  good  paper,  and  lavishly  illustrated. 
The  translator's  part  has  been  admirably  done,  and  we  have  no  doubt  that  many  hospital 
surgeons  will  be  glad  to  possess  the  views  of  the  Professor  of  Berne  in  such  an  attractive 
guise." — Edinbtirgh  3Iedical  Journal. 

"All  operating  surgeons  should  possess  themselves  of  this  excellent  text-book.  English 
surgery  is  indebted  to  Mr.  Harold  Stiles  for  his  readable  translation  of  this  work." — 
Nortlmmherland  and  Durham  Medical  Journal. 

"  This  is  a  super  royal  8vo  work  of  more  than  300  pages,  abundantly  illustrated  with 
excellent  drawings.  Suffice  it  to  say,  that  here  we  have  a  work  on  operative  surgery  which  is 
of  the  highest  class,  and  which  is  based  upon  the  wide  experience  of  its  renowned  author,  who 
does  not  hesitate  to  omit  operations  which  he  considers  to  be  useless,  and  who  chiefly  confines 
his  account  to  procedures  personally  tested  and  approved  by  himself.  It  is  useless  to  par- 
ticularise where  all  is  good  ;  and  we  only  say  that  all  who  consult  the  book,  whether  hospital 
surgeons,  general  practitioners,  or  senior  students,  will  find  it  both  instructive  and  interest- 
ing."— Liverpool  Medico- Chiru7'(jical  Journal. 
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"Those  who  are  already  acquainted  with  Dr.  Balfour's  writings,  or  who  may  recall  his 
clinical  lectures  on  Diseases  of  the  Heart,  will  be  prepared  to  find  in  this  work  a  clinical  study 
clearly  and  boldly  sketched,  at  once  rational  and  thoughtful,  such  as  might  be  expected  from 
a  physician  of  long  experience  and  an  authority  in  cardiac  pathology.  Xor  will  they  be  dis- 
appointed, for  they  cannot  fail  to  rise  from  the  perusal  of  this  monograph  without  a  sense  of 
the  thorough  mastery  that  the  Author  has  of  his  subject,  nor  to  be  impressed  by  his  scientific 
knowledge  and  clinical  acimien,  as  well  as  his  literary  lucidity,  which  adds  to  the  interest  and 
charm  of  a  most  instructive  and  valuable  book.  We  have  seldom  read  a  more  fascinating 
description  of  senility.  .  .  .  The  aim  and  purport  of  Dr.  Balfour's  monograph  are  to  testify 
to  the  value  of  appropriate  treatment  in  restoring  the  working  capacity  to  a  heart  that  has 
failed  by  reason  of  a  senile  change,  and  his  experiences  are  highly  encouraging.  In  conclusion. 
we  can  onh'-  reiterate  the  expression  of  the  pleasure  which  this  excellent  and  well-writteu 
book  has  given  us,  and  can  commend  it  confidently  to  practitioners,  who  must  be  daily  brought 
into  coutact  with  the  condition  that  it  portrays." — Lancet. 

"  One  of  the  most  instructive  chapters  is  devoted  to  the  concomitants  and  sequelse  of  the 
senile  heart,  including  gout.  The  last  four  chapters  of  the  work  are  devoted  to  the  great 
practical  subjects  of  treatment  and  }irognosis.  It  is  not  safe  to  say  that  the  Author  is  here  at 
his  best ;  he  is  so  good  from  beginning  to  end.  The  practitioner  who  must  have  so  large  an 
opportunity  of  applying  the  principles  of  therapeutics  which  Dr.  Balfour  deduces  from  the 
preceding  chapters,  will  thank  him  for  the  many  practical  hints  which  he  gives  in  connection 
with  the  management  of  the  heart  in  aged  persons.  AVe  heartily  recommend  this  work,  which 
is  altogether  worthy  of  its  distinguished  Author,  and  which  ought  to  be  in  the  hands  of 
every  member  of  the  profession." — The  Practitioner. 

"The  net  result  of  his  investigations  is  to  give  increased  confidence  to  medical  men  in  the 
resources  of  their  art,  and  greater  courage  and  hope  to  all  sorts  and  conditions  of  aged  persons, 
whether  their  hearts  be  sound  or  unsound." — The  Hospital. 

"Coming  from  a  master  of  the  subject,  and  containing  his  matured  experience,  the  book 
must,  on  that  account  alone,  have  an  exceedingly  high  value  ;  and  when,  moreover,  the 
knowledge  acquired  by  long  practice  and  exact  observation  is  presented  to  the  reader 
clothed  in  sound  and  vigorous  English,  frequently  eloquent  and  at  times  pathetic,  the  mere 
jjerusal  of  such  a  literary  production  is  no  small  gratification  to  the  mind,  and  the  critic,  in 
such  a  presence,  can  really  do  nothing  but  acquiesce." — Edinhunjh  Medical  Journal. 

"The  concluding  chapters  on  the  Therapeutics  of  the  Senile  Heart  will  well  repay  careful 
reading,  for  they  afford  valuable  hints  to  the  practitioner  as  to  how  to  diet,  exercise,  and 
physic  the  elderly  man  with  senile  heart.  The  indications  for  the  use  of  various  drugs 
reputed  to  be  cardiac  tonics  are  given  with  wisdom  and  precision.  .  .  .  But  the  book  is  one 
that  ought  to  ha  carefully  read  through  ;  it  is  full  of  instruction,  and  the  perusal  cannot  fail 
to  be  pleasant  reading." — Medical  Press. 
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"  There  is  miicli  sound  advice  given  in  this  little  volume  which  will  be  of  great 
service  to  both  the  healthy  and  the  unhealthy." — Dundee  Advertiser. 

"His  opinions  may  be  read  with  advantage." — The  Times. 

"  Whatever  discussion  may  arise  over  this  book  between  the  author  and  his  fellow- 
medical  men,  the  fact  will  not  be  altered  that  there  is  much  in  it  that  ought  to  be 
carefully  considered  by  most  of  us." — The  Scotsman. 

"  Dr.  George  Keith's  closely-reasoned  and  temperately-worded  Plea  for  a  Simpler 
Life  cannot  be  dismissed  as  superfluous.  Much  of  his  advice  is  as  shrewd  as  it  is 
sound." — The  Speaker. 

"There  are  few  works  containing  more  sound  common  sense  and  good  practical 
wisdom  put  into  small  compass  as  in  this  little  book  bearing  the  above  title.  It  is 
worth  its  weight  in  gold  to  the  man  who  would  rather  go  in  for  prevention  than 
cure." — The  Liberal. 

"  It  is  the  old  exhortation,  plain  living  and  high  thinking.  But  it  is  more,  it 
shows  the  way  to  reach  it.  It  is  indeed  a  most  earnest  yet  scientific  exjjosition  of  the 
evil  we  do  to  our  bodies  and  souls  and  spirits  by  mixed  dishes  and  medicines.  If  we 
would  follow  Dr.  Keith's  advice  and  take  his  prescriptions,  we  should  have  less  dys- 
pepsia and  less  atheism  amongst  us,  less  need  for  doctors  of  medicine  and  less  need  for 
doctors  of  divinity." — Expositm'y  Times. 

"  Most  of  us,  I  suppose,  want  to  live  as  long  as  we  can,  and  to  make  our  lives  as 
comfortable  as  possible.  Various  counsellors  in  all  ages  have  given  advice  with  a  view 
to  the  attainment  of  these  desirable  ideals  ;  but  I  am  not  sure  that  any  one  of  them 
hits  the  nail  on  the  head  with  a  finer  precision  than  is  achieved  by  Dr.  George  S. 
Keith,  whose  Plea  for  a  Simpler  Life  is  of  sturdy  common  sense  all  compact.'" — The 
New  Age. 
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